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Soft shell crawfish, a seafood delicacy, has a potential market for growth in the 
aquaculture industry. Since the industry’s collapse in the 1990’s, the advent of new technologies 
like eyestalk ablation, automated hydraulic separation and distributed airlift systems has elevated 
the hope for restoration. In a distributed airlift system, airlifts and distribution pipes supply water 
to holding trays. Airlifts are simple devices used to pump water by injecting air at the bottom of 
an open pipe. The combination of airlifts and distribution pipes has potential economic benefits 
for low head applications in recirculating aquaculture systems. This thesis focuses on guidelines 
for the design of individual airlifts highlighting the rules for deciding the sizing of the riser, gas 
to liquid ratio (G/L ratio) and the lift. It also explains the guidelines to be used for sizing of the 
tapered water distribution pipes in distributed airlift systems. 
 Airlift diameter selection was based on a water flow rate of 15 gpm to each tray. 
Experiments conducted on 2″ and 3″ pipes indicated that the 2″ pipe supplies 15 gpm at an 
optimum G/L between 1 and 2 while using lesser air than a 3″ pipe for a lift height of 12″. The 
airlifts should be designed for 20% lift and with no airlift exceeding 25% lift. They should be 
operated with a G/L ratio between 1 and 2 to achieve an optimum rate of water flow and 
minimum energy consumption. 
 Distribution pipes should be designed to minimize head loss and prevent settling. The 
sizing of the water distribution pipes should be velocity based with a velocity in the distribution 
system between 1 and 3 fps. Tapering of a distribution pipe is necessary to maintain the 
minimum velocity. This also reduces head loss along the length of the pipe. Table 4.9 in this 
thesis gives tapering requirements for soft shell crawfish systems with 5, 10, 15 and 20 trays in 
each row. 
 1
CHAPTER 1: INTRODUCTION 
 
In United States hard shell crawfish are produced on more than 120,000 acres. More than 90 
percent of the crop is cultured from southern Louisiana. Due to the increasing demand for 
crawfish all over the world it has become a valuable aquaculture product. The annual production 
of crawfish varies from 30 to 50 million pounds with farm gate values of $25 to 50 million 
(Romaire et al, 2004). Soft shell crawfish is a by-product of the crawfish industry, and is used as 
a food delicacy. Soft shell crawfish production gained recognition as a potential seafood industry 
in the 1980’s (Culley et al, 1985b). Pond harvesting was the main source of soft shell and hard 












Figure 1.1. Steps involved in soft shell crawfish production 
 
In the 1980’s soft shell crawfish were picked manually from the pond harvested stock (Cain and 
Avault, 1983).  As a result a new step wise method of harvesting soft shell crawfish in holding 
trays was devised. The steps involved were getting immature crawfish from ponds, holding 
crawfish in trays to molt and collecting the soft shell crawfish after molting (Huner, 1980; 
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periodically. The method was abandoned due to problems associated with water quality and high 
costs (Malone et al, 1996). Recirculating aquaculture systems (RAS) are the most recent 
development in the field of soft shell crawfish production. Several studies done by researchers 
have led to development of new techniques which lead to faster and cost effective production of 
soft shell crawfish.  
 The present research deals with development of design criteria for distributed airlifts used 
in integration with eyestalk ablation, hydraulic separation and soft shell crawfish shedding 
systems. Airlift pumps have been in use since late 17th century and have applications in various 
industries like mining, municipal waterworks, ice factories, breweries, irrigation plants etc. 
Currently, airlift pumps are used along with bead filters for RAS and wastewater applications. 
Airlifts are multifunctional tools as they provide aeration, circulation, and degasification 
(Loyless, 1995; Wagener, 2003). Simple construction, energy conservation, easy management 
and operation are potential advantages of using airlift pumps for production of soft shell 
crawfish. The aim of this research is to develop guidelines for design of distributed airlift 
systems. 
This thesis was motivated by a need for the design of a commercial soft shell crawfish 
facility for Mr. Ty Dick of Lazy Cajun Inc. using airlifts. The design was carried out at the 
owner’s request. The problems faced in the design and construction of the facility forced the 
development of a new design criteria. Malone and Burden 1988; Malone et al 1996 have given 
design guidelines for a soft shell crawfish production facilities. The present thesis is an 
addendum to these design guidelines with an addition of new design criteria for distributed airlift 
systems. Chapter 2 gives a background for this thesis describing eyestalk ablation and hydraulic 
separation for improving soft shell crawfish production. Chapter 3 gives a detailed overview of 
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the experimental methodology used for data collection. Chapter 4 of the thesis is a manuscript 
that gives a detailed explanation of the application and design of airlift pumps in conjunction 
with distribution pipes for water supply.  
 4
CHAPTER 2: BACKGROUND 
2.1 Eyestalk Ablation 
Crustaceans like crawfish are encased in a hard exoskeleton which is replaced periodically 
through a growth process called molting or ecdysis. During this process crawfish expand to form 
a new soft shell and shed the old hard shell. The soft shell crawfish with newly formed soft shell 
are a food delicacy (Culley et al, 1985).  The freshly molted crawfish are soft only for a few 
hours and have to be refrigerated to be consumed in that state. Typical molting period varies 
from a few days to several weeks based on the, size, age of the crawfish, temperature and other 
conditions. Mature crawfish do not molt until the completion of their reproductive cycle, 
whereas juvenile crawfish molt every 30 days. Factors like crowding, lack of food, extreme 
temperature etc. can cause delay in molting for 6 months or more. An extended molt cycle in 
commercial facilities can increase production time and costs (Chen and Malone, 1993).  
 Many methods like injection of molting hormones (ecdysones), limb removal and 
bilateral eyestalk ablation can be adopted to speed up the crawfish molting cycle for commercial 
production (Huner and Avault, 1977). The important organs involved in molting process include, 
the X organ producing molt-inhibiting hormones and the Y organ producing molting hormones. 
The molting process in crawfish is a hormonally regulated process (Fingerman, 1987). The X-
organs are positioned in the proximoventral edge of the medulla terminalis in the eyestalks while 
the Y-organs are present in the maxillary segments. On removing the X- organs using eyestalk 
ablation, molt inhibiting hormones are not produced, thus speeding molting process. On the 
contrary eyestalk ablation can cause high mortality in mature crawfish because of hormonal 
imbalance (Huner and Avault, 1977; Chen and Malone, 1993). Huner and Avault, (1977) 
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recommended bilateral eyestalk ablation as a suitable method for soft shell crawfish production 
for fish-bait.  
 Chen and Malone (1993) conducted studies on developing a viable, economical and 
productive ablation technique suitable for commercial soft shell production. Eyestalk ablation of 
mature and immature crawfish was done using a pair of modified pliers. This technique resulted 
in decreasing the molt interval. The mortality rate using ablation was less than the normal 
molting process used in soft shell crawfish production systems. The mean molt interval for the 
ablated red swamp crawfish was 6.7 to 7.8 days for immature and 9.2 days for mature crawfish. 
The molt interval for ablated white river crawfish was 8.9 and 11.2 days for immature and 
mature crawfish respectively (Chen and Malone, 1993). 
2.2 Hydraulic Separation  
 A hydraulic technique was introduced by Malone and Culley (1988) to automate the 
process of separation of soft shell crawfish from hard ones. This technique uses hydraulic force 
and electrical inhibition gates. Immature crawfish are collected from ponds and loaded into 
acclimation trays where they molt. The tray consists of four interconnected raceways with one or 
two electrical inhibition gates. Soft shell crawfish are weak in movement and have no grip due to 
loss of structural integrity in their limbs. Freshly molted crawfish cannot resist water current 
when placed in a flow of certain velocity; the soft shell crawfish get carried away with the flow. 
Intermolts resist water flow by gripping to the bottom of the tray. Water flow velocity through 
acclimation trays is a critical factor for hydraulic separation (Chen et al, 1994). 
 An electric shocking gate prevents escape of hard shell crawfish from the tray. It 
functions similar to an electric fence used in livestock. Electrical shocking gates are adopted to 
achieve higher efficiency in the separation process. A mild electric shock induced by the gate 
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trains intermolts and prevents them from escaping. When shocked, the intermolts move back into 












Figure 2.1. Illustration of electrical shock gate in an acclimation tray 
 
Sometimes there are intermolts which escape with the flow but these escape rates are controlled 
by the electrical shock gates (Chen et al, 1994). Intermolt escape rate can be defined as the ratio 
of the number of hard shell crawfish coming out of a tray to the total number of crawfish loaded 
in the tray. Intermolt escape rate is a controlling parameter in automatic separation process. It 
depends on crawfish orientation to the gate, forces acting on the crawfish, loading density in the 
tray, social interaction among the crawfish and efficiency of the electrical inhibition gates. The 
smaller the escape rates the more effective the separation process. A foolproof system depends 
on proper design of the electrical inhibition gate and optimum flow rate or water current velocity 
through the trays. This technology has been successfully tested at laboratory and commercial 
Electric Shock Gate 
Acclimation Tray 
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scale. Application of automatic hydraulic separation system will result in lower labor and 
operating costs. 
2.3 Airlift Technology  
 Water circulation and aeration are key functions required for proper reconditioning of 
water in RAS. Typically, centrifugal pumps and external aerators like diffused bubble aerators 
are used for water pumping.  Airlift pumps are an effective alternative. They have been used for 
water circulation and aeration. In this application they are used to supply water to the separation 
trays. Chapter 4 explains in detail the various components of airlifts and the factors affecting 
their design.  
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CHAPTER 3: EXPERIMENTAL METHODOLOGY  
 
The aim of the experiment is to study the relationship between water flow rates for 
varying gas liquid ratios for low lift application in recirculating soft shell shedding systems. This 
was carried out using pipes with diameters 2″ and 3″. An experimental apparatus was setup to 
run varying gas inflow rates to obtain water flow rates at different submergence ratios (or lift). 
Airlifts of diameter 2″ and 3″ were tested to obtain an empirical relationship between air flow 
rate, water flow rate, and gas to liquid ratio, diameter of the pipe and percent lift. This data will 
be used for design of airlifts for low head distributed airlift systems. Figure 3.1 gives a sketch of 













Figure 3.1. Typical airlift showing basic parameters measured for experimental studies – 
water flow rate, air flow rate, lift and submergence 
 




Water flow rate  
(Measured with weir) 
 
Pitot (Measures  
dynamic water head) 
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3.1 Experimental Apparatus 
The main components of the setup are a tank, an air blower, connected piping, various 
metering devices and an airlift pump. A fiber glass circular tank with a height of 8 feet and 
diameter of 5 -1/2 feet was used to represent the total water volume of an aquaculture system. 
Water level in the tank was varied based on the submergence depth needed. The air required was 
supplied using a Sweet water model S-45 air blower at a rate of 1-1/2 hp. The discharge end of 
the blower is connected to a manifold made of PVC piping. The pump delivered sufficient air up 
to 12 cfm to run the experiment with varying lifts of 9, 12 and 15 inches. Figure 3.2 shows 
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The air flow rate supplied to the airlift was measured using three Aquamatic air flow 
meters. The flow meters were placed inline and the range of measurement varied from 0.5-25 
cfm over all. The flow meters were connected to the manifold using 3/4″ PVC piping. Two dual-
scale low-pressure gauges Model EW-68930 rated between 0-100 inches of water were installed 
to measure pressure delivered from the blower and injection pressure to the airlift. The 
temperature of the air injected to the airlift was measured using a laboratory mercury 
thermometer with an accuracy of in 1º Celsius. The manifold includes a bypass line muffler to 
discharge excess air (see Figure 3.2).  
Water flow coming out of the airlift pump is collected in a wooden box with a V-notch 
weir; this is shown in Figure 3.3. The dimensions of the box are 5 feet x 2 feet x 1 foot with 
overhangs at the end to rest o the top of the tank. Water pumped out by the airlift flows into the 
weir box from the bottom, goes over the weir head and then discharges back into tank. The weir 
can measure a maximum flow of 150 gpm and the maximum head over the weir is 9″ with an 















The airlift pump riser rests at the bottom of the tank supported by a T-fitting of the same 
size as the riser. A small piece of pipe is fixed in the weir box so that it is 2″ above the base of 
the box. The riser pipe and the fixed section are connected using a rubber couple of the same size 
as the riser. Air is injected into the riser using a 3/4″ PVC pipe placed internally into the airlift 
from the top of the weir box. The exit point from the manifold to the injection pipe is connected 
using 3/4″ flexible tubing. The bottom of the pipe is capped and holes are drilled a few inches 
above it for air exit. Ten holes each of size 1/4″ diameter spaced equally are drilled in this set up. 
An illustration of the air injection holes is shown in Figures 3.4. The air injection pipe is marked 
in inches from the point of injection to the top for precise placing of the pipe in order to achieve 








Figure 3.4. Bottom of the air injection pipe with end capped and holes for air injection 
 
  Water head in the weir, tank and airlift pipe are measured using pitot tubes. 3/8″ clear 
vinyl tubing is used as pitot tubes. The tank and airlift pitot’s are attached to the end of the airlift 
riser and siphoned outside the tank for measurement (See Figure 3.5 and 3.6). The airlift pitot is 
connected to the riser using a 3/4″ to 3/8″ barb fitting and it is sealed to prevent leaks. The tank 
pitot is attached outside the riser tube using duct tape. The tank and airlift pitots measures the 
1/4″ Holes Air injection pipe Capped bottom 
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static submergence and dynamic submergence respectively. The difference between the two 
gives a measure of possible friction losses in the airlift when it is pumping water. The weir pitot 
is used to measure water head over the weir to calculate the flow through it. The difference 
between the weir pitot and tank pitot levels gives the lift height. In order to keep the airlift lift 
height constant the water level in the tank was increased or decreased dynamically by adding or 
draining water from the tank. A precise scale is placed adjacent to the weir pitot to measure the 
readings in centimeters. The tank and airlift pitots are siphoned and supported on a rectangular 
2″ X 4″ piece of wood approximately 10 feet long (Figure 3.6). The bottom of the wooden piece 
rests at the ground level and a measuring tape graded in centimeters and millimeters is stuck at 











Figure 3.5. Details of placing the airlift pipe in the tank, the T-fitting rests on bottom of the 
tank. The position of tank pitot and pipe pitot are also indicated 
 




















Figure 3.6. Position of weir pitot on the box, and tank, pipe pitot tubes outside the tank 
3.2 Weir Calibration 
Normally water flow can be measured using a calibrated bucket, but because of varying flow 
rates obtained using a 3″ airlift a weir was designed. A V- notch weir was selected for 






2″ x 4″ feet wooden 
member for support 
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inflow rates for different lift heights using a PVC pipe with a diameter of 3″, air was injected 
using a 3/4″ PVC pipe. Water flowing over the weir head for each measurement was collected 
using a calibrated bucket. The bucket was marked at a certain height to measure a standard 
volume. First, the weight of the empty bucket was noted, and then weight of the bucket filled 
with water till the marked level was measured. The difference between the two readings gives 
the weight of water in the bucket. From the obtained water weight its volume was calculated. 
This value gives the volume of water till the mark in the bucket. In order to measure flow over 
the weir, the time taken to fill the bucket is noted at increasing air inflow rates. The time taken to 
fill the bucket was used to calculate the water flow rate, as a function of volume by time. Each 
measurement was repeated five times to minimize error. A data set of 24 individual points was 
collected with different flow rates and head values. The theoretical equation for flow over a V-
notch weir is  
5/2
d ·HC  Q =  
discharge oft coefficien  C         
levelr  weir wateover the measured head H         
 weirover the discharge  Q         






 The experimental results and theoretical Q using head measurements are plotted with Q 
on the y-axis and H on the x-axis. The theoretical equation is fitted to the experimental data for 
different values of Cd to obtain a least sum of squares (LSS) error value higher than 0.8 (Lapin, 
1975). It is observed that a coefficient of discharge 0.0031 is the best fit for obtained 
experimental results with a LSS value of 0.93. This is the equation used to measure water flow 
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rates pumped by the airlift for varying gas inflow rates. The equation for discharge over the weir 
obtained was Q = 0.0031 H5/2.  
 
 
Figure 3.7. Curve fitting of actual flow over the weir and theoretical values to obtain a weir 
equation using least sum of squares method 
 
3.3 Experimental Protocol 
Each test was run for a standard set of information. Appendices B and C present the collected 
data in and summarized Tables. A standard air injection method as described was followed. The 
parameters measured were blower delivery pressure, injection pressure, air temperature, air 
inflow rate, water levels in the weir, tank and airlift. Table 3.1 gives a detail of the number of 
tests conducted for combinations of different lift heights and submergence depth. 
Calibrated Weir Equation 




















Table 3.1. Lift heights and submergence to be tested for a 2″ and 3″ diameter PVC 
schedule 40 pipe at varying air injection rates 
 











9 36 45 27 36 
12 48 60 36 48 
15 60 75 45 60 
Varying gas inflow rates for testing the airlift pump at different Gas Liquid Ratios 
Air Inflow (scfm) 1 2 3 4 5 6 7 8 9 10 
 
3.4 Data Analysis 
3.4.1 Gas Flow Rate Correction 
The airflow meter readings obtained at test conditions had to be converted to standard conditions 
at which the meters were calibrated. The equation used for converting to standard conditions is 










minuteper feet  cubic reading, guagegcfm
















3.4.2 Calculation of Power Utilized for Running the Airlift Pump 
An equation for calculating the power used for delivering a specific air volume was derived by 
Loyless, 1995 using adiabatic simplification of the polytropic compression curve. The curve 
gives the relation between absolute pressure and volume of gas which is  
    PVn = constant           (Perry et al, 1993) 
It is assumed that n is the ratio of specific heats Cp/Cv, which is valid for air blowers with low 
compression ratios and discharge pressure.  The power in kilowatts (1kw = 0.746 hp) is 
calculated as  
]1)/[(0154.0hp 286.01211ad −= PPPQ  
psia pressure, dischargeblower P
psia pressure,inlet blower P














CHAPTER 4: DISTRIBUTED AIRLIFT SYSTEM DESIGN FOR 




Soft shell crawfish has long been a seafood delicacy and has been targeted as a seafood product 
since the 1970’s (Huner and Avault, 1976). Soft shell crawfish production in Louisiana peaked in 
the early 1990’s and has gradually declined since, although the product remains highly valued.  
The industry was unable to overcome the labor intensity of the process and the low turnover rate 
(estimated at 45 days) associated with the production process (Chen and Malone, 1992).  Recent 
technological advances can allow the industry to become more profitable stimulating a re-growth 
of the industry.  
  Immature crawfish are first selected from a pond’s harvest and placed in a tray system 
where they are held until they display color changes that predict the molt (Huner, 1990).  The 
premolt crawfish are normally placed in molting trays where they are closely watched.  Molted 
crawfish are removed by hand within a few hours of molting, while their shells are still soft 
(Culley and Duobinis-Gray, 1990). The crawfish are then processed and frozen to prevent 
hardening of their shell (Chen and Malone, 1992).   
  Malone and Culley (1988) introduced a technique for the automatic separation of soft 
shell crawfish from hard ones based on water flow rate and electro shocking principle. Freshly 
molted crawfish become weak due to loss of structural integrity in their limbs. They cannot resist 
water current when placed in a flow with a velocity of 0.17 to 0.19 m/s (0.56 to 0.63 fps) and get 
carried away with the flow (Chen et al 1995b). Intermolts resist water flow by gripping to the 
bottom of the tray (Chen et al, 1994), and electric inhibition gates prevent the escape of hard 
shell crawfish from the tray.  A mild electric shock induced by the gate trains intermolts and 
prevents them from escaping (Chen and Malone, 1990). The soft shell crawfish from the trays 
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are flushed with the flow and collected in a trough at the outlet of each tray and then transported 
to a refrigerated chest.  Soft shell crawfish captured in the refrigerated chest will not harden their 
shells for several hours dramatically reducing the labor requirements for soft-shell harvesting.  
Additionally, the separation trays eliminate the need to directly view the crawfish allowing trays 
to be closely stacked, substantially increasing the production area that can be maintained under a 
given roof.  
  Ablation of crawfish reduces the intermolt interval by a factor of three (Chen et al, 
1995a) resulting in tripling the production. Eyestalk ablation techniques have a great potential for 
economic impact on the soft shell-crawfish industry.  Adoption of the ablation process to 
accelerate molting can have a profound impact on the industry by increasing production, with no 
additional capital investment and with little or no change in labor costs, (when measured on a per 
pound basis). 
 Flow-through systems that were popular in the 1980’s were not successful as they required 
large amount of fresh water for maintaining water quality and were plagued by high heating 
costs to maintain water temperature during winter. Earlier advances in recirculation technologies 
(Malone and Burden, 1988); have been refined (Malone et al. 1996) eliminating many of the 
water quality challenges that have previously confronted producers.  Poor water quality was 
believed by the authors to be major contributing factor to early losses associated with ablated 
crawfish. This barrier has now been effectively eliminated as both floating bead bioclarifier and 
bead filter clarifier/fluidized bed combinations have been reduced to “off-the shelf” technology 
reflecting their widespread use in closely related bait and soft crab production systems. 
  This paper while not dealing with the specifics of the facility constructed, summarizes the 
critical engineering features of the airlift water delivery system. The objective of this paper is the 
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design of a distributed airlift system for soft-shell crawfish facilities employing the hydraulic 
separation technology. The specific objectives of the paper are 1) to document the rationale 
behind sizing of individual airlifts which includes sizing the riser, G/L ratio and, lift 2) to 
develop rules for the tapering of water distribution pipes in the distributed airlift system.  
4.2 Background - Airlifts 
 
  An airlift is a device for pumping fluids through a vertical, partially submerged pipe in a 
liquid when air is injected at the bottom of the pipe (Stepanoff, 1965; Parker and Suttle, 1987). 
The ease of operation of airlift pumps makes them a better choice for use in aquaria, fishponds 
and aquaculture systems (Castro 1975). Airlift technology began in the mining industry and has 
been used since 1797 for handling hazardous wastes, bioreactors design, recycling and aeration 
in sludge digesters, deep sea mining among many other applications (Ivens, 1914, Castro et al., 
1975, Zenz, 1993). Studies on airlift pumps by various researchers have proven them to be useful 
tools for water circulation in recirculating aquaculture systems. Airlift pumps are more energy 
efficient for moving water under low heads than centrifugal pumps (Reinemann et al, 2001).  
They need less maintenance compared to electrical pumps (i.e., centrifugal pump) because of the 
absence of moving parts and simple construction design (Reinemann, 1987; Turk et al, 1991).  
  Factors to be considered for airlift pipe design are the required flow, lift height, 
submergence, gas to liquid ratio, and lift percent.  Lift is the height from the water head to the 
point where water is pumped. Submergence is height from water head to point of air injection 
(Figure 4.1). Gas to liquid ratio (G/L ratio) is the ratio of air input to the water output from the 
pump.  Percent Lift Rule defines the required submergence depth when the lift height is known 
and is a term used to define design criteria for airlift pumps in this paper.  
100
e)Submergenc+(Lift
Lift   = %Lift ×  
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For example: 20% lift rule indicates that for every foot of lift height, the submergence depth is 
(100-20)/20 i.e., 4 feet of submergence or alternately stated, 20 percent of the over riser pipe 
length is dedicated to lift.   
An empirical rule for selecting airlift riser diameter is based on a water flux rate of 450 
gpm/sqft, which is equal to a velocity of 1fps within the riser.  
 
Figure 4.1. Air lift pump illustrating the difference between static and dynamic lift and 
submergence. The type of air injection method used is shown. 
 
Submergence can be static or dynamic. The submergence depth, when there is no water 
movement is the static submergence. When airlift is in operation, the submergence is less than 
static submergence due to air water movement and friction losses. This lower submergence is 














4.3 System Description 
 
Figure 4.2 represents the layout of a typical soft shell shedding facility. The arrows indicate the 
flow directions between the various components. The airlift pump inlet and outlet along with 
distribution pipe are also represented. There are three parallel flow loops for water circulation in 
this setup. Each flow loop has a specific functionality and moves water through various 
components in the system including the tray loop, filter loop and reservoir loop. Table 4.1 gives 
a brief description of the components and their specific function in system.   
 
 
Figure 4.2. Layout of a soft shell shedding system with 8 trays oriented longitudinally in 





















The tray loop consists of a set of acclimation trays where the crawfish molt. Individual 
trays are connected using a common distribution pipe and airlifts for water circulation. The main 
distribution pipe connects all the trays to the sump while the airlifts pump water from the pipe to 
the trays. Water from the outlet of the tray flows into the return trough through the drop chute 
and drains into the sump. The various components of the tray loop and the flow pattern are 
illustrated in Figure 4.3. The key design concern for the current study is the tray loop that 
contains multiple airlifts connected to a single distribution pipe. The principle engineering issue 
is the design of distribution pipe and the associated airlift pump.  
 
Figure 4.3. Component of the tray loop, with 2 trays showing the distribution pipe and 
airlift connections. 
 
6) Distribution Pipe 
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Table  4.1. Components of a soft shell shedding system and head loss due to each 
 
No. Component Name Function 
Head Loss 
(inch) Reference 
1 Tray Holding and Separation 2 Chen et al 
1-2 Electrical Inhibition Gate 
Prevents escape of inter-molt 
crawfish from the trays. None Chen et al, 1994 
2 Drop Chute Moves crawfish from tray to collection trough  4 - 
3 Trough Transport of crawfish to bar screen 4 1/2 – 5 - 
4 Bar Screen Separates crawfish and water 3 Malone and Burden, 1988 
5 Sump 
Water head for distributed airlift 
system. 
Facilitates water management 
None Malone and Burden, 1988 
6 Distribution Pipe Returns water to the airlift 2 - 
7 Airlift Pump Moves water from distribution pipe to tray None - 
8 Ice Chest Collects molted crawfish from the trays through the trough None - 
9 Support Frame Base for the trays. None - 
10 Bead Filter Solids capture and biofiltration None Malone and Beecher, 2000 
11 Reservoir 
Stabilizes water quality in the 
whole system 
Acts as buffer zone when the 
system is shock loaded 
None Malone and Burden, 1988 
12 Air blower Supplies air for running the air lifts None - 
  
The secondary loops present are the filtration loop and the reservoir loop. The filtration 
loop connects the sumps to the filter for solids capture and bioclarification. Water is fed to the 
filter by gravity feed. Filtered water is airlifted back to the sump. The filter-sump airlift delivers 
moderate volume of water with moderate head loss and has a low lift. The water flow rate is 25 
to 30 gpm. The dynamic lift is a function of head loss across the filter bed, which may vary due 
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to clogging in the bed. The reservoir sump loop is simple in operation. Water from sump to 
reservoir is gravity fed and airlifted back to the sump. The recirculation rate is 1.5 to 2 gpm. This 
is a low flow high lift pump. High lift is due to fitting losses, difference in water levels of the 
sump and reservoir with respect to a datum. The airlifts in the secondary loops are not of concern 
for design in this study. 
4.4 System Design Rationale 
4.4.1 Hydraulics and Friction Loss in Loops 
 Friction losses dictate the required lift and submergence for the design of the airlift for 
the different loops described above. The total losses depend on the head loss at each component 
and pipe fitting in the loops. Table 4.1 gives an estimate of the head loss due to each component 
in the tray loop as observed in an operated commercial prototype. Water is pumped into the trays 
at the rate of 15 gpm from the sumps. These airlifts pump high volume at low lift, the static lift 
may range from 12 – 18 inches.  
 















Head loss in the tray is negligible. The drop from the chute to the return trough causes 
about 8 – 9 inches of head loss. Distribution pipe loss can vary from 2 to 12 inches, this impacts 
the dynamic lift and submergence at individual airlift pumps across each tray in a row. 
Minimizing this loss by suitable pipe selection is important. Section 4.4.3 gives guidelines for a 
distribution pipe selection. 
4.4.2 Air Lift Riser Design 
• Gas to Liquid Ratio 
For a given depth of submergence, an airlift requires a minimum air inflow rate to start 
pumping water. After it begins to pump any increase in air inflow results in an increase in flow 
rate of water. This continues till it reaches a maximum value after which any further increase in 
air flow rate decreases the water flow rate (Stenning and Martin, 1968; Todoroki et al, 1973). Air 
lifts can be run with gas to liquid ratios greater than five. However, based on the results obtained 
by Todoroki et al, 1973, Loyless, 1995 and the authors a gas to liquid ratio between 1 and 2 is 
ideal for optimum performance of an airlift for low head applications.  Higher values lead to 
lower pumping efficiency and higher energy consumption. 
• Airlift Sizing 
 To determine the diameter of the airlift riser, 2″ and  3″ diameter PVC pipes were tested 
for varying lifts of 20, 25 and 33 percent. A riser pipe (2″ and 3″ pipe) consisting of a T fitting at 
the bottom was placed in a 8 feet x 5 feet tank. A smaller pipe of 1/2″ to 3/4″ diameter injected 
air into the 2″ and 3″ pipe respectively through 1/4-inch holes drilled in the sidewall near the end 
of the pipe and the bottom is capped (see Figures 3.4, 4.1). The injection pipe was centered in the 
riser to ensure uniform air distribution. Water flow from airlift was measured using a weir as 
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explained in Chapter 3. Collected data and data analysis for the 2″ and 3″ diameter pipe is 
presented in appendix B and C respectively.   
Water flow rate at different percent lifts for increasing gas flow rate was collected at a 
constant lift height of 12″ for both pipes. The results obtained are plotted as water flow vs. gas 
flow in Figures 4.5 and 4.6. From the results obtained, it was determined that for a given set of 
trays in a row, the initial airlift has to be designed for 20% lift. Due to water movement, the 
dynamic lift varies as we move to the last tray, the lift height at this tray should be maintained at 
25%. Thus, the airlifts connected to a single distribution pipe must be designed to maintain their 








Figure 4.5. Water flow vs. gas flow rates for a 3″ pipe at 12″ lift for 20, 25 and 33 % Lift 
rules 
  Figure 4.5 indicates that a 3″ pipe needs an air inflow rate of 3 cfm for 20% Lift, 4 cfm 
for 25% Lift and 7 cfm for 33% lift in order to pump 15 gpm. In a 2″ pipe the same can be 
achieved by a lower air inflow as seen in Figure 4.6. Hence, a 2″ diameter pipe is the appropriate 
size for the tray air lift pumps to flow 15 gpm with required gas inflow less than 2   for a lift 
height of 12″. 
 


































Figure 4.6.  Water flow vs. gas flow rate for a 2″ pipe at 12″ lift for 20, 25 % Lift rules 
4.4.3 Distribution Pipe Design Rationale 
The following sections furnish the rationale for the design of a distribution pipe for recirculating 
soft-shell crawfish production facilities considering the various factors discussed.  
• Design Flow and Velocity 
Water flow rate and velocity through the raceway depend on the hydraulic forces acting 
on the crawfish. Chen et al, (1994) and Rondelle (1992) conducted several experiments to 
determine the optimum flow rates for design of automatic hydraulic separation system based on 
loading density of crawfish. The recommended design flow through trays is 0.71 – 0.90 l/s (13 -
15 gpm) and water velocity may vary between 0.17 to 0.19 meters per second. The flow rates 
provide sufficient drag force to flush crawfish out of the trays without excessive intermolt escape 
rate. Hence, a desired flow rate of 15 gpm through each tray was used for this design. 
Typical design guidelines for minimum flow velocity for sewer design and RAS is 2.0 
fps (Ricketts et. al, 2004 and Timmons et. al, 2001). This is the minimum required to prevent 
settling in any diameter pipe. Research by Chen et al (1995b) on automated soft-shell crawfish 
separation systems recommends a velocity range of 0.17 – 0.19 m/s (0.56 to 0.63 fps). This is the 
velocity needed for flushing out molted and dead crawfish from the trays. Within the context of 





















this problem crawfish being the largest size particle and no large debris present in the water, we 
assumed a minimum design velocity of 1fps. This value is higher than that suggested by Chen et 
al, 1995b and would be sufficient to prevent settling in the pipes. 
The minimum velocity should prevent settling in the pipe network and have a minimum 
possible head loss. Determining the total dynamic head loss is critical for the system design. 
Dynamic head loss in a system depends on the losses due to total straight pipe and number of 
fittings. It is observed that net head loss due to various pipe fittings increases with increasing 
pipe sizes (Steel and Terence, 1979). The head loss in straight pipes increases with decreasing 
pipe diameter for a given water velocity.  
 
Figure 4.7. Plot of flow velocity and head loss in straight pipes of varying diameter 
(Timmons et al, 2001). 
 
 Figure 4.7 is a plot of velocity vs. head loss for varying diameter pipes from the table. 
The plot indicates that the increase in head loss is high for smaller pipes (1-1/2, 2 and 3 inch 
pipes) and moderate in large diameter pipes (4 inches and higher). The recognized flow velocity 
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can vary from a minimum of 1.0 fps for pipes with diameter less than 4 inches and a maximum 
velocity of 3.0 fps for pipes of diameter 4 inches and higher. The stated design velocity meets the 
criteria for losses due to pipe fittings. Higher velocities in larger pipes is acceptable but sizes less 
than 4 inches cause a significant head loss causing higher lift and lower submergence depth. 
• Uniform or tapered pipe 
In case of a series of lifts running on a single pipe for water supply, there is a large 
variance in dynamic submergence at each lift pipe. The submergence decreases towards the last 
lift in a row, simultaneously increasing the lift. When the criterion for velocity and head loss for 
a required pipe size is met, the airlift lift percent should be within a range of 20 to 25%. If this 
criterion is not met, an alternative is to taper the size of the distribution pipe by connecting to 
smaller diameter pipe using the velocity guidelines. 
 
Figure 4.8. Comparison of dynamic submergence and velocity along a set of six trays when 
using a uniform and tapered pipe 
 
































Figure 4.9. Illustration for selection of a tapered distribution pipe for a set of 10 trays, 
water flow rate, head loss and varying lift percent at each tray is shown. 
 
  For the purpose of illustration, if a set of 24 trays divided into 4 rows, each row 
containing 6 trays is considered. Each set of 6 trays would be connected to one distribution pipe 
which supplies water from sump to trays using airlifts. An analysis of dynamic submergence for 
a row of trays using different pipe sizes is done using Hazen Williams Equation for head loss in 
pipes.  Figure 4.8 shows the dynamic submergence at each of the 6 trays considered. The 
maximum flow through the main pipe is 120 gpm; hence a 4″ pipe is selected.  With a uniform 
pipe, the design velocity for 1fps is not met at tray number 4. When the pipe is tapered to 3″ 
diameter for the next 2 trays and 2″ pipe for the last tray, it meets the design velocity and is with 
in the range of 20 to 25% (refer Appendix D for details).  Figure 4.9 gives a design example of 
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selecting a tapered pipe for a set of 10 Trays. Head loss at each tray is calculated using Hazen 
William’s formula. Flow at each tray, pipe size required and point of taper and head loss are 
shown. 
4.4.4 Air Requirement 
Air Blower Selection 
Rotary vane air blowers or linear air pumps were used to supply air to run air lifts. Air 
blower selection depends on total air volume and pressure required for a set of trays with a 
specific air injection depth. Total air volume is a function of G/L ratio i.e., 2:1 with a 25% safety 
factor. If Qw is the total water flow, then air required Qa is given by  
    Qa = 0.275 Qw 
Pressure required depends on the air injection depth which is defined by submergence 
depth and back pressure in the airline. The back pressure depends on frictional losses in air 
injection pipe and supply manifold. A pump with a pressure head of 60 inches is suitable to 
inject at a depth of 48″. 
4.5 Discussion 
Distribution pipe and airlifts in the tray loop are the important components of a recirculating soft 
shell crawfish shedding facility. Head loss in the setup is a critical factor affecting design of both 
the components. 
4.5.1 Airlifts 
  When using airlifts the potential advantages outweigh the disadvantages. The main 
advantages of airlifts are their multiple functions of aeration, degasification and circulation. 
Aeration and degasification increase with increasing air inflow i.e., G/L ratio, but an optimum 
G\L ratio for water circulation is observed to be between 1 and 2.  
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  The potential disadvantage using airlifts is that they do not apply to all technologies. 
They must be used with low head biofiltration devices only. Head loss is critical in determining 
the airlift pump submergence and height. Airlift pump design depends on lift height. Higher lifts 
means increase in the depth of submergence and more energy is required for pumping water. 
Submergence depth can be achieved by laying out the distribution pipe below ground level by 
trenching but this may not be practical. Deep airlifts are not compatible with rotary vane pumps 
as their gas volume decreases with depth of submergence due to increasing back pressure. High 
submergence in airlifts cause startup problems as it requires pumps with higher pressure head, 
hence more energy and cost consumption. 
 Distributed airlift systems must be rigorously engineered to minimize head losses thus 
decreasing lift height avoiding serial operations in the system helps minimize head loss thereby 
reducing the lift height. Factors affecting lift height are drop chute, bar screen and tray support 
framework. By effective design of these three components the net lift height can be reduced by 
20 –30%. This helps in reducing the submergence depth, hence making it feasible to construct 
the entire facility above the ground. 
  In a distributed airlift system, water circulation is mainly dependent on the air source i.e., 
an air blower. An air blower controls all the flow in the entire setup. Appropriate design of the 
pipe networks and components will ensure a robust operation of the entire setup. In case of 
power failure; a diesel or gas engine can be used to run the air blower. A second pump should be 
kept as back up incase of breakdown occurs in the primary pump. 
4.5.2 Distribution Pipe 
  Distribution pipe design depends on the number of trays in a facility i.e., the maximum 
flow through a row of trays to which it is connected. Two main factors considered during the 
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design are velocity of flow to minimize head loss and prevent scour and settling. A minimum 
velocity of 1fps is required for scour problems and maximum of 3.0 fps to minimize head loss. 
 When uniform sized pipe is used for the entire row of trays, velocity requirement cannot 
be met; an alternative design is tapering the pipe.  A tapered pipe that meets the criteria for 
velocity avoids excessive head loss and provides sufficient submergence depth for airlifts to 
maintain a lift height in the range of 20 to 25 percent. Cumulative head loss in a tapered 
distribution pipe should not exceed 3 inches. In case of a conflict between minimizing head loss 
and scour control occurs and if the minimum flow velocity is lower than 1 fps, then a cleanout 
port is mandatory at the end of all distribution pipes.  
 In the context of soft shell crawfish facilities, practical considerations recommend above 
ground installation. It is simple to use elevated walkways than trenching the ground to meet 








Figure 4.10. Problems associated with trenching to meet submergence depth during 
construction of a commercial facility 
Projected air requirements depend on the total number of trays in the facility. Air blower 
selection has to provide air inflow of 0.27 x N where N is the number of trays in the setup. 
Trenching of soil to lay 
distribution pipe 
Improper alignment of airlifts 
along the distribution pipe
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Depending on the number of trays, the pressure of pump should be 60 inches of water. This 
pressure includes the commonly available regenerative air blowers. 
4.6 Recommendations  
 Distributed airlift systems should be limited to situations where lift plus dynamic friction 
losses in loops can be minimized to 12 inches. Airlift height should be reduced by proper sizing 
of bar screens and pickup chutes. 
 Careful consideration has to be given to distribution pipe design; length of the pipe 
should be restricted and designed for velocity between a minimum of 1 fps and maximum of 3 
fps. Tapering the distribution pipe in order to meet the velocity requirement is preferred over a 
uniformly sized pipe. When selecting a distribution pipe size, if the criterion for velocity is not 
met, cleanout ports are to be provided at terminal end of all pipes. The setup of a distributed 
automated soft shell crawfish shedding system depends on the total number of trays. Table 4.3 
presents specific guidelines for selection of a tapered distribution pipe based on the number of 
trays needed. The cutoff for maximum number of trays in a row should be 20 to keep the 
installation and handling of the setup easy. Horizontal alignment of trays requires less taper in 
distribution pipe for a system more than 15 trays in each row.  
 One foot per second as the design water velocity is a reasonable rule of thumb for 
distributed airlift systems within a lift range of 20 to 25 % and low gas to liquid ratio (1 and 2). 
Airlift pump of size 2″ should be used to pump 15 gpm for 8 feet x 3 feet tray. Air Blower is 
selected based on the total air required by the number of tray airlifts. A pump with in the 
pressure of 60″s for an injection depth of 48″ is recommended. The pressure compensates for 
losses in delivery and injection apparatus. Table 4.2 recommends criteria for sizing and design of 
the key components of a soft shell shedding system; this is an updated information from Malone 
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et al, 1996 and addendum of recommendations for airlifts and distribution pipe design.  The 
contents in bold indicate the design criteria for airlift pumps, distribution pipes and air blower for 
a given load of the crawfish shedding system. 
Table 4.2. Hydraulic system design recommendations for automated soft shell crawfish 
shedding operations 
Component Sizing Criteria Characteristics 
Trays 3′ X 8′ with 8″ channels Loading of 24 lbs per tray 
Airlifts 2″ diameter 48″ injection depth Pumps 13-15 gpm  
Distribution pipe 
Number of trays refer 
table 5.3 for sizing 
criteria. 
Depends on maximum flow, I.e., 
number of trays 
Air Pump Sizing Depending on the number of trays 
Sufficient pressure of 48-54″ depending 
on tray capacity 
Floating Bead Filter 0.005 ft
3/lb-crawfish for 
shedding 
Backwashing frequency of once to twice 
per day may be required 
Sump  0.7 gal/lb-crawfish  
Reservoir 4.3 gal/lb-crawfish  (excluding sump)  
Water Exchange 





Table 4.3.  Specific recommendations for distribution pipe design in RSC Systems 
Number of Trays in the Setup  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20Tray Alignment 
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CHAPTER 5: CLOSURE STATEMENT 
5.1 Conclusions 
The thesis documents several rules of thumb for the design of airlifts and distribution for specific 
application to automated soft shell crawfish shedding facilities. It also lay guidelines for design 
of airlifts for application with low head biofilters. The following are guidelines for:  
• Airlift Pumps 
 Airlift pump should be designed for a lift range of 20 to 25 percent, with a gas liquid ratio 
of 1:2. 
 Airlift riser is sized for the required maximum water flow for a velocity of 1 fps. 
 Air pump selection should be based on the submergence depth, i.e., depth of injection 
required for an airlift pump.  
 The inlet pipe should be designed for an approach velocity of 2-3 fps (This is the 
minimum velocity required for scour). 
• Distribution Pipes 
 Distribution pipe is designed for a minimum velocity of 1.0 fps and maximum velocity of 
3.0 fps. 
 Whenever the criterion for velocity in distribution pipe is not met, a self cleaning port 
should be provided. 
 It is recommended to build the facility above ground to avoid construction problems.  
 Facility design should be engineered to minimize head loss across the entire set up.  
The above guidelines can be applied for design of recirculating systems for crawfish like 
abalone, clams, soft crabs, and ornamental fish. There is an Ornamental fish facility in Florida 
being designed using distributed airlift system.  
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5.3 Recent Airlift Applications 
 
The guidelines recommended for airlifts in this thesis have been used by companies like Mote 
Marine Laboratory Florida, Hubbs-Sea World San Diego, AST New Orleans and Water Garden 
Gems Texas for sizing airlifts in conjunction with bead filters for recirculating systems.  Figure 
5.1 shows the image of an airlift system used to pump water from a bead filter to a fish tank in 



























Figure 5.1. Hubbs Sea World –San Diego 
 
Mote Marine grow sturgeon in recirculating systems, water is filtered using expandable granular 
media drop filters. Water from filter is returned to the fish tanks using three 10″ PVC pipes. 
 
Filtered water pumped 
into fish tank 
Two 10″ Airlifts 






Figure 5.2. Mote Marine – Sarasota Florida 
 
The Lazy Cajun Inc. commercial facility designed before developing these guidelines is 
operating well. Key issues dealing with the facility were the sizing of the airlifts and trenching 
the ground to lay the distribution pipes. The airlifts were initially sized with a 3″ diameter pipe 
but after observing the experimental results obtained, the size was reduced to a 2″ pipe. The 
airlifts were designed for a lift of 15″. In order to meet a submergence depth, ground had to be 
trenched for laying the distribution pipes which was a tough task. Hence it is recommended to 
build the systems above ground and use elevated walkways. A picture of the facility is show in 
Figure 5.3, the setup consists of 24 trays 6 in each row. 
Three 8″ Airlifts, 
























Figure 5.3. Lazy Cajun Soft Crawfish Facility – Baton Rouge 
 
5.2 Future Work 
Airlifts provide aeration, degasification and circulation when properly engineered. Airlifts are 
potential resourceful devices for application in recirculation aquaculture systems and waste water 
treatment plants especially in combination with low head bead filters. There is a need for design 
guidelines for building airlifts of large pipe sizes for higher capacities. Studies should be 
conducted to know the aeration and degasification characteristics of airlifts of large diameters 
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H', h2 =  Water height in the weir box from the top of the tape measure (cm) 
 
H, h1 = 24.92 – H' (Weir head in cm)  
 
Q, Qw = Actual discharge through the weir measured using bucket readings (liter/sec) 
 
Qm = Average flow over the weir (liter/sec) 
 
Cd = Coefficient of discharge  
 
Q1, Q2 ……..Q7  =  Iterative flow values calculated using varying Cd (liter/sec) 
 






Table A-1. Weir Equation Calibration using Least Sum Square Method 
 
   Cd 0.497 0.496 0.497 0.498 0.499 0.5 0.501
H' H Q Qm Q1 Q2 Q3 Q4 Q5 Q6 Q7S.No. 
cm cm liters/sec l/sec liters/sec liters/sec liters/sec liters/sec liters/sec liters/sec liters/sec
1 14.500 10.420 0.895 1.862 1.102 1.100 1.102 1.104 1.107 1.109 1.111
2 12.900 12.020 1.394 1.862 1.575 1.572 1.575 1.578 1.582 1.585 1.588
3 12.000 12.920 1.724 1.862 1.887 1.883 1.887 1.891 1.895 1.898 1.902
4 11.100 13.820 2.042 1.862 2.233 2.228 2.233 2.237 2.242 2.246 2.251
5 10.600 14.320 2.277 1.862 2.440 2.435 2.440 2.445 2.450 2.455 2.460
6 10.100 14.820 2.596 1.862 2.659 2.654 2.659 2.664 2.670 2.675 2.680
7 16.000 8.920 0.620 1.862 0.747 0.746 0.747 0.749 0.750 0.752 0.753
8 14.400 10.520 0.952 1.862 1.129 1.127 1.129 1.131 1.133 1.136 1.138
9 13.100 11.820 1.290 1.862 1.511 1.508 1.511 1.514 1.517 1.520 1.523
10 12.600 12.320 1.505 1.862 1.675 1.672 1.675 1.679 1.682 1.686 1.689
11 12.100 12.820 1.683 1.862 1.851 1.847 1.851 1.854 1.858 1.862 1.866
12 12.000 12.920 1.763 1.862 1.887 1.883 1.887 1.891 1.895 1.898 1.902
13 11.700 13.220 1.940 1.862 1.998 1.994 1.998 2.002 2.006 2.010 2.014
14 14.000 10.920 1.035 1.862 1.239 1.237 1.239 1.242 1.244 1.247 1.249
15 13.100 11.820 1.292 1.862 1.511 1.508 1.511 1.514 1.517 1.520 1.523
16 12.100 12.820 1.604 1.862 1.851 1.847 1.851 1.854 1.858 1.862 1.866
17 11.400 13.520 1.901 1.862 2.114 2.109 2.114 2.118 2.122 2.126 2.131
18 11.000 13.920 2.092 1.862 2.273 2.269 2.273 2.278 2.283 2.287 2.292
19 10.700 14.220 2.212 1.862 2.398 2.393 2.398 2.403 2.408 2.412 2.417
20 10.400 14.520 2.399 1.862 2.526 2.521 2.526 2.532 2.537 2.542 2.547
21 10.000 14.920 2.557 1.862 2.704 2.699 2.704 2.710 2.715 2.720 2.726
22 9.400 15.520 2.774 1.862 2.984 2.978 2.984 2.990 2.996 3.002 3.008
23 9.000 15.920 2.978 1.862 3.180 3.174 3.180 3.187 3.193 3.199 3.206
24 8.600 16.320 3.154 1.862 3.384 3.377 3.384 3.391 3.397 3.404 3.411
 Mean  1.862 2.036 2.032 2.036 2.040 2.044 2.048 2.052
 0.780 0.746 0.780 0.815 0.850 0.887 0.924
 10.562 10.562 10.562 10.562 10.562 10.562 10.562
 
LSSE 




Table A-2 Bucket measurements for a 12″ Lift using 20% rule for weir calibration 
 
Flow Data Collection Sheet – Simplified Design Rules for Low lift Airlift Pumps 
Data Collected by: Pavani   Date of Experiment: 21-Apr-05     
Pipe Diameter = 3″ Submergence = 36″ Lift = 12″       
Bucket Measure Weir Flow Wier Head Time (seconds) Qw Qw S.No. 
h2 (cm) h1(cm) h (cm) t1 t2 t3 t4 t5 t mean Std Dev Std Err gpm lps 
1 16.2 24.92 8.72 32.6 31.6 31.7 32 31.9 31.96 0.391 0.175 8.45 0.533 
2 14.0 24.92 10.92 16.4 16.5 16.5 16.5 16.4 16.46 0.055 0.024 16.40 1.035 
3 13.1 24.92 11.82 13.1 13.4 13.1 13.1 13.2 13.18 0.130 0.058 20.49 1.292 
4 12.1 24.92 12.82 10.7 10.6 10.6 10.7 10.5 10.62 0.084 0.037 25.42 1.604 
5 11.4 24.92 13.52 8.9 9.1 9 9 8.8 8.96 0.114 0.051 30.13 1.901 
6 11.0 24.92 13.92 8 8.2 8.1 8.2 8.2 8.14 0.089 0.040 33.17 2.092 
7 10.7 24.92 14.22 7.8 7.6 7.7 7.7 7.7 7.70 0.071 0.032 35.06 2.212 
8 10.4 24.92 14.52 7.1 7 7 7.2 7.2 7.10 0.100 0.045 38.03 2.399 
 
Table A-3 Bucket measurements for a 12″ Lift using 25% rule for weir calibration 
 
Flow Data Collection Sheet – Simplified Design Rules for Low lift Airlift Pumps 
Data Collected by: Pavani   Date of Experiment: 20-Apr-05     
Pipe Diameter = 3″ Submergence = 48″ Lift = 12″       
Bucket Measure Weir Flow Wier Head 
Time (seconds) Qw Qw S.No. 
h2 (cm) h1(cm) h (cm) t1 t2 t3 t4 t5 t mean Std Dev Std Err gpm lps 
1 14.5 24.92 10.42 15.4 16 16.5 15.2 16.1 15.84 0.532 0.238 17.05 1.075 
2 12.2 24.92 12.72 9.3 9.7 9.1 9.5 9.2 9.36 0.241 0.108 28.85 1.820 
3 11.3 24.92 13.62 7.4 7.4 7.7 7.4 7.7 7.52 0.164 0.073 35.90 2.265 
4 10.0 24.92 14.92 6.7 6.6 6.6 6.8 6.6 6.66 0.089 0.040 40.54 2.557 
5 9.4 24.92 15.52 6.1 6.2 6 6.2 6.2 6.14 0.089 0.040 43.97 2.774 
6 9.0 24.92 15.92 5.8 5.8 5.6 5.7 5.7 5.72 0.084 0.037 47.20 2.978 
7 8.6 24.92 16.32 5.4 5.5 5.3 5.3 5.5 5.40 0.100 0.045 50.00 3.154 
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Table A-4 Bucket measurements for a 9″ Lift using 20% rule for weir calibration 
 
Flow Data Collection Sheet - Simplified Design Rules for Low lift Airlift Pumps 
Data Collected by:  Pavani   Date of Experiment: 23-Apr-05     
Pipe Diameter =  3″ Submergence = 36″ Lift = 9″       
Bucket Measure Weir Flow Wier Head 
Time (seconds) Qw Qw S.No. 
h2 (cm) h1(cm) H (cm) t1 t2 t3 t4 t5 t mean Std Dev Std Err gpm lps 
1 14.5 24.92 10.42 19 19 18.9 19 19.3 19.04 0.152 0.068 14.18 0.895 
2 12.9 24.92 12.02 12.2 12.2 12.2 12.5 12 12.22 0.179 0.080 22.09 1.394 
3 12.0 24.92 12.92 9.9 9.9 9.7 10.1 9.8 9.88 0.148 0.066 27.33 1.724 
4 11.1 24.92 13.82 8.2 8.3 8.3 8.4 8.5 8.34 0.114 0.051 32.37 2.042 
5 10.6 24.92 14.32 7.3 7.4 7.6 7.5 7.6 7.48 0.130 0.058 36.10 2.277 
6 10.1 24.92 14.82 6.3 6.7 6.7 6.6 6.5 6.56 0.167 0.075 41.16 2.596 
 
Table A-5 Bucket measurements for a 9″ Lift using 25% rule for weir calibration 
 
Flow Data Collection Sheet - Simplified Design Rules for Low lift Airlift Pumps 
Data Collected by: Pavani   Date of Experiment: 20-Apr-05     
Pipe Diameter = 3″ Submergence = 27″ Lift = 9″       
Bucket Measure Weir Flow Wier Head 
Time (seconds) Qw Qw S.No. 
h2 (cm) h1(cm) h (cm) t1 t2 t3 t4 t5 t mean Std Dev Std Err gpm lps 
1 17.5 24.92 7.42 60.9 61.4 61.3 61.7 60.9 61.24 0.344 0.154 4.41 0.278 
2 16.0 24.92 8.92 27.3 27.4 27.5 27.7 27.4 27.46 0.152 0.068 9.83 0.620 
3 14.4 24.92 10.52 17.7 17.9 17.9 17.9 18.1 17.90 0.141 0.063 15.08 0.952 
4 13.1 24.92 11.82 13.2 13.3 13 13.2 13.3 13.20 0.122 0.055 20.45 1.290 
5 12.6 24.92 12.32 11.3 11.4 11.3 11.4 11.2 11.32 0.084 0.037 23.85 1.505 
6 12.1 24.92 12.82 10.1 10.1 10.2 10.1 10.1 10.12 0.045 0.020 26.68 1.683 
7 12.0 24.92 12.92 9.7 9.6 9.6 9.6 9.8 9.66 0.089 0.040 27.95 1.763 
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Table B-1. Air lift pump flow data for a 2″ diameter PVC Schedule 40 Pipe 20% Lift Rule, 9″ Lift  
 
Flow Data Collection Sheet - Simplified Design Rules for Low lift Airlift Pumps 
Data Collected by: Pavani Date of Experiment: 26-May-05      
Pipe Diameter = 2″ Submergence = 36″ Lift = 9″ 
Pitot Head Flow through Weir Disch Inject AdiabaticQg Qg 
Airlift Pipe Tank Head (H = h2-h1) Qw 
Qw Line       Temp Press Press Power S.No. 
cfm scfm cm cm h2 (cm) h1(cm) h (cm) lps gpm gpm (deg C) (in) (in) Kw 
1 3 3.09 39.5 36.8 14.5 24.92 10.42 1.09 17.22 17.50 42 42.5 28 0.0052 
 3 3.09 39.6 36.8 14.4 24.92 10.52 1.11 17.64  42 42.5 28 0.0052 
 3 3.09 39.6 36.8 14.4 24.92 10.52 1.11 17.64  42 42.5 28 0.0052 
2 4 4.13 40.9 36.8 14.1 24.92 10.82 1.19 18.92 18.78 42 42 28.5 0.0065 
 4 4.13 41 36.9 14.2 24.92 10.72 1.17 18.49  42 42 28.5 0.0065 
 4 4.13 40.9 36.9 14.1 24.92 10.82 1.19 18.92  42 42 28.5 0.0065 
3 5 5.19 41 36.3 13.6 24.92 11.32 1.34 21.19 21.50 43 56 32 0.0145 
 5 5.19 40.9 36.3 13.5 24.92 11.42 1.37 21.66  43 56 32 0.0145 
 5 5.19 41 36.3 13.5 24.92 11.42 1.37 21.66  43 56 32 0.0145 
4 6 6.22 41.8 36.3 13.3 24.92 11.62 1.43 22.62 22.78 45.5 55.5 33 0.0163 
 6 6.22 41.8 36.3 13.2 24.92 11.72 1.46 23.11  45.5 55.5 33 0.0163 
 6 6.22 41.8 36.2 13.3 24.92 11.62 1.43 22.62  45.5 55.5 33 0.0163 
5 7 7.26 42 36.2 13.2 24.92 11.72 1.46 23.11 23.27 46.5 55 34 0.0178 
 7 7.26 42 36.2 13.1 24.92 11.82 1.49 23.60  46.5 55 34 0.0178 
 7 7.26 42.1 36.2 13.2 24.92 11.72 1.46 23.11  46.5 55 34 0.0178 
6 8 8.31 42.1 36.2 13.1 24.92 11.82 1.49 23.60 23.60 48.5 55 36 0.0184 
 8 8.31 42.1 36.2 13.1 24.92 11.82 1.49 23.60  48.5 55 36 0.0184 
 8 8.31 42.2 36.2 13.1 24.92 11.82 1.49 23.60  48.5 55 36 0.0184 
7 9 9.44 42.7 36.1 13.0 24.92 11.92 1.52 24.11 24.11 48.5 63 40 0.0252 
 9 9.44 42.5 36.1 13.0 24.92 11.92 1.52 24.11  48.5 63 40 0.0252 
 9 9.44 42.5 36.1 13.0 24.92 11.92 1.52 24.11  48.5 63 40 0.0252 
8 10 10.50 42.5 36.0 13.0 24.92 11.92 1.52 24.11 24.28 51 63 42.5 0.0251 
 10 10.50 42.6 35.9 12.9 24.92 12.02 1.55 24.62  51 63 42.5 0.0251 




Table B-2. Summary of flow data for a 2″ diameter PVC Schedule 40 Pipe 20% Lift Rule, 9″ Lift 
 
Qg Qg Qw Qw G/L Qw(g/L=1) Qw(g/L=2) Qwflux Velocity G/L Qw (g/L=3) 
cfm scfm lps gpm   gpm gpm gpm/sqft Fps   gpm 
3 3.09 1.09 17.50 1.32 22.44 11.22 356.48 0.794 1.28 7.48 
4 4.13 1.19 18.78 1.64 29.92 14.96 382.52 0.852 1.59 9.973333 
5 5.19 1.34 21.50 1.81 37.4 18.70 437.95 0.976 1.74 12.46667 
6 6.22 1.43 22.78 2.04 44.88 22.44 464.04 1.034 1.97 14.96 
7 7.26 1.46 23.27 2.33 52.36 26.18 474.06 1.056 2.25 17.45333 
8 8.31 1.49 23.60 2.63 59.84 29.92 480.80 1.071 2.54 19.94667 
9 9.44 1.46 24.11 2.93 67.32 33.66 491.03 1.094 2.79 22.44 




Table B-3. Air lift pump flow data for a 2″ diameter PVC Schedule 40 Pipe 25% Lift Rule 9″ Lift 
 
Flow Data Collection Sheet - Simplified Design Rules for Low lift Airlift Pumps 
Data Collected by: Pavani Date of Experiment: 26-May-05     
Pipe Diameter = 2″ Submergence = 27″ Lift = 9″    
Pitot Head  Flow through Wier Disch Inject AdiabaticQg  Qg 
Airlift Pipe Tank Head (H = h2-h1)  Qw 
Qw Line      Temp Press Press Power S.No. 
(cfm) scfm cm cm h2 (cm) h1(cm) h (cm) lps gpm gpm (deg C) (in) (in) Kw 
1 3 3.04 40.4 39.4 16.6 24.92 8.32 0.62 9.81 10.01 42 47 20 0.0095 
  3 3.04 40.5 39.4 16.6 24.92 8.32 0.62 9.81   42 47 20 0.0095 
  3 3.04 40.4 39.4 16.4 24.92 8.52 0.66 10.41   42 47 20 0.0095 
2 4 4.06 40.9 39.5 16.0 24.92 8.92 0.74 11.68 11.90 42 47 21 0.0122 
  4 4.06 41 39.6 15.9 24.92 9.02 0.76 12.01   42 47 21 0.0122 
  4 4.06 41 39.5 15.9 24.92 9.02 0.76 12.01   42 47 21 0.0122 
3 5 5.07 39.9 37.9 15.1 24.92 9.82 0.94 14.85 14.98 44 46 22 0.0141 
  5 5.07 39.9 37.9 15.1 24.92 9.82 0.94 14.85   44 46 22 0.0141 
  5 5.07 39.8 37.9 15.0 24.92 9.92 0.96 15.23   44 46 22 0.0141 
4 6 6.09 40.3 37.8 14.8 24.92 10.12 1.01 16.01 16.28 45 45 23 0.0156 
  6 6.09 40.3 37.8 14.7 24.92 10.22 1.04 16.41   45 45 23 0.0156 
  6 6.09 40.3 37.8 14.7 24.92 10.22 1.04 16.41   45 45 23 0.0156 
5 7 7.14 40.4 37.5 14.5 24.92 10.42 1.09 17.22 17.36 46 45 26 0.0158 
  7 7.14 40.4 37.5 14.5 24.92 10.42 1.09 17.22   46 45 26 0.0158 
  7 7.14 40.5 37.5 14.4 24.92 10.52 1.11 17.64   46 45 26 0.0158 
6 8 8.21 40.9 37.5 14.3 24.92 10.62 1.14 18.06 18.20 47.5 57 30 0.0257 
  8 8.21 40.9 37.4 14.2 24.92 10.72 1.17 18.49   47.5 57 30 0.0257 
  8 8.21 41 37.4 14.3 24.92 10.62 1.14 18.06   47.5 57 30 0.0257 
7 9 9.27 40.9 37.2 14.1 24.92 10.82 1.19 18.92 18.92 48 56.5 31.5 0.0269 
  9 9.27 40.8 37.1 14.1 24.92 10.82 1.19 18.92   48 56.5 31.5 0.0269 
  9 9.27 40.8 37.1 14.1 24.92 10.82 1.19 18.92   48 56.5 31.5 0.0269 
8 10 10.35 40.9 37.0 14.0 24.92 10.92 1.22 19.36 19.51 50 55 35 0.0241 
  10 10.35 40.9 37.0 14.0 24.92 10.92 1.22 19.36   50 55 35 0.0241 
  10 10.35 40.8 37.0 13.9 24.92 11.02 1.25 19.81   50 55 35 0.0241 
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Table B-4. Summary of flow data for a 2″ diameter PVC Schedule 40 Pipe 25% Lift Rule 9″ Lift 
 
Qg Qg Qw Qw G/L Qw(g/L=1) Qw(g/L=2) Qwflux Velocity G/L 
cfm scfm lps gpm   gpm gpm gpm/sqft Fps   
3 3.04 0.62 10.01 2.27 22.71 11.35 203.94 0.454 2.24 
4 4.06 0.74 11.90 2.55 30.35 15.17 242.35 0.540 2.51 
5 5.07 0.94 14.98 2.53 37.9 18.95 305.07 0.680 2.50 
6 6.09 1.01 16.28 2.80 45.52 22.76 331.53 0.738 2.76 
7 7.14 1.09 17.36 3.08 53.39 26.70 353.65 0.788 3.02 
8 8.21 1.09 18.20 3.38 61.44 30.72 370.81 0.826 3.29 
9 9.27 1.11 18.92 3.66 69.31 34.65 385.47 0.859 3.56 
























Table B- 5. Air lift pump flow data for a 2″ diameter PVC Schedule 40 Pipe 20% Lift Rule, 12″ Lift 
 
Flow Data Collection Sheet - Simplified Design Rules for Low lift Airlift Pumps 
Data Collected by:Pavani Date of Experiment: 26-May-05    
Pipe Diameter = 2″ Submergence = 48″ Lift = 12″    
Pitot Head Flow through Wier Disch Inject AdiabaticQg Qg 
Airlift Pipe Tank Head (H = h2-h1) Qw 
Qw Line       Temp Press Press Power S.No. 
(cfm) scfm cm cm h2 (cm) h1(cm) h (cm) lps gpm gpm (deg C) (in) (in) Kw 
1 3 3.19 48.2 44.5 14.1 24.92 10.82 1.19 18.92 19.52 38.5 53 39 0.0052 
 3 3.17 48.4 44.5 13.9 24.92 11.02 1.25 19.81  40.5 53 38 0.0056 
 3 3.17 48.2 44.5 13.9 24.92 11.02 1.25 19.81  41 53 38 0.0056 
2 4 4.22 48.6 43.6 13.2 24.92 11.72 1.46 23.11 22.94 43.5 55 39 0.0079 
 4 4.21 48.6 43.5 13.3 24.92 11.62 1.43 22.62  44 55 39 0.0079 
 4 4.21 48.9 43.4 13.2 24.92 11.72 1.46 23.11  44 55 39 0.0079 
3 5 5.27 49.8 43.4 12.9 24.92 12.02 1.55 24.62 24.62 45 54 40 0.0086 
 5 5.26 49.8 43.4 12.9 24.92 12.02 1.55 24.62  46 54 40 0.0086 
 5 5.26 49.9 43.4 12.9 24.92 12.02 1.55 24.62  46 54 40 0.0086 
4 6 6.36 50.2 43.2 12.6 24.92 12.32 1.65 26.18 26.36 44.5 58 42 0.0119 
 6 6.35 50.1 43.2 12.6 24.92 12.32 1.65 26.18  45.5 58 42 0.0119 
 6 6.34 50.2 43.2 12.5 24.92 12.42 1.69 26.71  46.5 58 42 0.0119 
5 7 7.41 50.4 43.1 12.5 24.92 12.42 1.69 26.71 26.71 48 63 44 0.0164 
 7 7.40 50.4 43.1 12.5 24.92 12.42 1.69 26.71  49.5 63 44 0.0164 
 7 7.39 50.5 43.1 12.5 24.92 12.42 1.69 26.71  50 62 44 0.0155 
6 8 8.44 50.6 42.6 12.5 24.92 12.42 1.69 26.71 27.08 52 62 45 0.0168 
 8 8.41 50.4 42.5 12.4 24.92 12.52 1.72 27.26  54 63 45 0.0177 
 8 8.40 50.4 42.6 12.4 24.92 12.52 1.72 27.26  55 63 45 0.0176 
7 9 9.66 50.4 42.5 12.4 24.92 12.52 1.72 27.26 27.26 45 67 48 0.0214 
 9 9.62 50.4 42.6 12.4 24.92 12.52 1.72 27.26  47.5 67 48 0.0213 






Table B- 6. Summary of flow data for a 2″ diameter PVC Schedule 40 Pipe 20% Lift Rule, 12″ Lift 
 
Qg Qg Qw Qw G/L Qw(g/L=1) Qw(g/L=2) Qwflux Velocity G/L 
cfm scfm lps gpm   gpm Gpm gpm/sqft fps   
3 3.18 1.19 19.52 1.22 23.76 11.88 397.51 0.885 1.15 
4 4.22 1.46 22.94 1.37 31.54 15.77 467.37 1.041 1.30 
5 5.27 1.55 24.62 1.60 39.39 19.70 501.40 1.117 1.52 
6 6.35 1.65 26.36 1.80 47.5 23.75 536.90 1.196 1.70 
7 7.40 1.69 26.71 2.07 55.34 27.67 544.16 1.212 1.96 
8 8.42 1.69 27.08 2.33 62.95 31.48 551.50 1.229 2.21 




Table B- 7. Air lift pump flow data for a 2″ diameter PVC Schedule 40 Pipe 25% Lift Rule, 12″ Lift 
 
Flow Data Collection Sheet - Simplified Design Rules for Low lift Airlift Pumps 
Data Collected by: Pavani Date of Experiment: 26-May-05     
Pipe Diameter = 2″ Submergence = 36″ Lift = 12″     
Pitot Head  Flow through Wier Disch Inject AdiabaticQg  Qg 
Airlift Pipe Tank Head (H = h2-h1)  Qw 
Qw Line       Temp Press Press Power S.No. 
(cfm) scfm cm cm h2 (cm) h1(cm) h (cm) lps Gpm gpm (deg C) (in) (in) Kw 
1 3 3.12 47.5 46.4 15.5 24.92 9.42 0.84 13.38 13.38 40 50 30 0.0073 
  3 3.12 47.5 46.3 15.5 24.92 9.42 0.84 13.38   40 50 30 0.0073 
  3 3.12 47.5 46.4 15.5 24.92 9.42 0.84 13.38   40 50 30 0.0073 
2 4 4.15 47.8 45.1 14.5 24.92 10.42 1.09 17.22 17.36 42.5 48 31 0.0082 
  4 4.15 47.8 45.1 14.5 24.92 10.42 1.09 17.22   42.5 48 31 0.0082 
  4 4.15 47.8 45.1 14.4 24.92 10.52 1.11 17.64   42.5 48 31 0.0082 
3 5 5.18 48 44.7 14.1 24.92 10.82 1.19 18.92 18.92 44.5 48 32 0.0097 
  5 5.18 48.1 44.7 14.1 24.92 10.82 1.19 18.92   44.5 48 32 0.0097 
  5 5.18 48 44.7 14.1 24.92 10.82 1.19 18.92   44.5 48 32 0.0097 
4 6 6.22 48.4 44.7 13.9 24.92 11.02 1.25 19.81 19.66 45.5 47 33 0.0102 
  6 6.22 48.4 44.6 13.9 24.92 11.02 1.25 19.81   45.5 47 33 0.0102 
  6 6.22 48.4 44.6 14.0 24.92 10.92 1.22 19.36   45.5 47 33 0.0102 
5 7 7.28 48.8 44.5 13.8 24.92 11.12 1.28 20.26 20.42 47 49 35 0.0119 
  7 7.28 48.9 44.5 13.7 24.92 11.22 1.31 20.72   47 49 35 0.0119 
  7 7.28 48.9 44.5 13.8 24.92 11.12 1.28 20.26   47 49 35 0.0119 
6 8 8.36 48.9 44.2 13.6 24.92 11.32 1.34 21.19 21.50 48 53 38 0.0147 
  8 8.36 48.8 44.2 13.5 24.92 11.42 1.37 21.66   48 53 38 0.0147 
  8 8.36 48.9 44.2 13.5 24.92 11.42 1.37 21.66   48 53 38 0.0147 
7 9 9.42 48.9 44 13.4 24.92 11.52 1.40 22.13 21.98 49.5 62 40 0.0241 
  9 9.42 48.9 44.1 13.5 24.92 11.42 1.37 21.66   49.5 62 40 0.0241 
  9 9.42 48.8 44.1 13.4 24.92 11.52 1.40 22.13   49.5 62 40 0.0241 
8 10 10.49 49 44.0 13.3 24.92 11.62 1.43 22.62 22.62 51 61 42 0.0232 
  10 10.49 48.9 44.0 13.3 24.92 11.62 1.43 22.62   51 61 42 0.0232 
  10 10.49 49 44.1 13.3 24.92 11.62 1.43 22.62   51 61 42 0.0232 
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Table B- 8. Summary of  flow data for a 2″ diameter PVC Schedule 40 Pipe 25% Lift Rule, 12″ Lift 
 
Qg Qg Qw Qw G/L Qw(g/L=1) Qw(g/L=2) Qwflux Velocity G/L 
cfm scfm lps gpm   gpm gpm gpm/sqft fps   
3 3.12 0.84 13.38 1.74 23.32 11.66 272.61 0.607 1.68 
4 4.15 1.09 17.36 1.79 31.03 15.52 353.65 0.788 1.72 
5 5.18 1.19 18.92 2.05 38.76 19.38 385.47 0.859 1.98 
6 6.22 1.25 19.66 2.37 46.54 23.27 400.50 0.892 2.28 
7 7.28 1.28 20.42 2.67 54.42 27.21 415.86 0.926 2.56 
8 8.36 1.31 21.50 2.91 62.52 31.26 437.95 0.976 2.78 
9 9.42 1.28 21.98 3.21 70.49 35.24 447.63 0.997 3.06 




Table B-9. Air lift pump flow data for a 2″ diameter PVC Schedule 40 Pipe 20% Lift Rule, 15″ Lift 
 
Flow Data Collection Sheet - Simplified Design Rules for Low lift Airlift Pumps 
Data Collected by: Pavani Date of Experiment: 26-May-05     
Pipe Diameter = 2″ Submergence = 60″ Lift =15″     
Qg Qg Pitot Head  Flow through Weir    Qw Line       Temp Disch Inject Adiabatic
  Airlift Pipe Tank Head (H = h2-h1)  Qw    Press Press Power S.No. 
(cfm) scfm cm cm h2 (cm) h1(cm) h (cm) lps gpm gpm (deg C) (in) (in) Kw 
1 3 3.24 56 52 13.7 24.92 11.22 1.31 20.72 20.72 44 65 50 0.0057 
 3 3.24 55.8 52 13.8 24.92 11.12 1.28 20.26  44 65 50 0.0057 
 3 3.24 55.8 52 13.6 24.92 11.32 1.34 21.19  44 65 50 0.0057 
2 4 4.30 56.8 50.8 13 24.92 11.92 1.52 24.11 24.62 45 64 49 0.0076 
 4 4.29 57.2 50.9 12.8 24.92 12.12 1.59 25.13  48 65 50 0.0075 
 4 4.29 56.9 50.8 12.9 24.92 12.02 1.55 24.62  48 65 50 0.0075 
3 5 5.35 57.8 50.8 12.6 24.92 12.32 1.65 26.18 25.83 51 67 51 0.0100 
 5 5.34 57.2 50.9 12.8 24.92 12.12 1.59 25.13  52 67 51 0.0100 
 5 5.37 57.7 50.9 12.6 24.92 12.32 1.65 26.18  48 67 50 0.0107 
4 6 6.44 58.8 51 12.3 24.92 12.62 1.75 27.80 28.17 48 68 50 0.0135 
 6 6.44 58.8 51 12.2 24.92 12.72 1.79 28.36  49.5 68 51 0.0128 
 6 6.43 58.8 51.1 12.2 24.92 12.72 1.79 28.36  50 68 51 0.0128 
5 7 7.57 59 50.5 12.1 24.92 12.82 1.82 28.92 29.30 46 70 52 0.0159 
 7 7.57 58.9 50.6 12 24.92 12.92 1.86 29.49  46 70 52 0.0159 
 7 7.57 59.1 50.5 12 24.92 12.92 1.86 29.49  46 70 52 0.0159 
 
Table B- 10. Summary of flow data for a 2″ diameter PVC Schedule 40 Pipe 20% Lift Rule, 15″ Lift 
Qg Qg Qw Qw G/L Qw(g/L=1) Qw(g/L=2) Qwflux Velocity G/L 
cfm scfm lps gpm cfm gpm gpm gpm/sqft fps scfm
3 3.24 1.31 20.72 1.17 24.23 12.12 422.13 0.940 1.08 
4 4.30 1.52 24.62 1.31 32.13 16.07 501.44 1.117 1.22 
5 5.35 1.65 25.83 1.55 40.04 20.02 526.14 1.172 1.45 
6 6.44 1.75 28.17 1.71 48.14 24.07 573.85 1.278 1.59 
7 7.57 1.82 29.30 1.93 56.61 28.30 596.74 1.329 1.79 
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Table B- 11. Air lift pump flow data for a 2″ diameter PVC Schedule 40 Pipe 25% Lift Rule, 15″ Lift 
 
Flow Data Collection Sheet - Simplified Design Rules for Low lift Airlift Pumps 
Data Collected by: Pavani Date of Experiment: 26-May-05     
Pipe Diameter = 2″ Submergence = 45″ Lift = 15″    
Pitot Head  Flow through Wier Disch Inject AdiabaticQg  Qg Airlift Pipe Tank Head (H = h2-h1)  Qw Qw (Mean)
Line     
Temp Press Press Power S.No. 
cfm scfm cm cm h2 (cm) h1(cm) h (cm) lps gpm gpm (deg C) (in) (in) Kw 
1 3 3.20 54.4 52.3 14.9 24.92 10.02 0.99 15.62 15.36 35 53 38 0.0056 
  3 3.19 55 53.1 15 24.92 9.92 0.96 15.23   36 55 37 0.0067 
  3 3.19 55.2 53.2 15 24.92 9.92 0.96 15.23   36 55 37 0.0067 
2 4 4.25 56.5 53.3 14.4 24.92 10.52 1.11 17.64 18.21 38 54 38 0.0079 
  4 4.24 56.5 53.4 14.2 24.92 10.72 1.17 18.49   39 54 38 0.0079 
  4 4.24 56.3 53.4 14.2 24.92 10.72 1.17 18.49   40 54 39 0.0074 
3 5 5.23 55.6 51.4 13.6 24.92 11.32 1.34 21.19 21.50 50.5 62 40 0.0134 
  5 5.23 55.7 51.4 13.5 24.92 11.42 1.37 21.66   50.5 62 40 0.0134 
  5 5.29 55.6 51.2 13.5 24.92 11.42 1.37 21.66   42.5 62 40 0.0135 
4 6 6.42 56.5 51.4 13.2 24.92 11.72 1.46 23.11 22.62 41 62 44 0.0135 
  6 6.32 56.3 51.3 13.3 24.92 11.62 1.43 22.62   47 62 41 0.0155 
  6 6.29 56.3 51.3 13.4 24.92 11.52 1.40 22.13   48.5 62 40 0.0161 
5 7 7.36 56.9 51.4 13.2 24.92 11.72 1.46 23.11 23.27 50 62 42 0.0171 
  7 7.35 56.8 51.4 13.1 24.92 11.82 1.49 23.60   52 62 43 0.0163 
  7 7.33 56.6 51.4 13.2 24.92 11.72 1.46 23.11   52 62 42 0.0171 
6 8 8.45 57.1 51.3 13 24.92 11.92 1.52 24.11 23.61 50 64 44 0.0197 
  8 8.40 57.1 51.3 13.1 24.92 11.82 1.49 23.60   52 62 43 0.0186 
  8 8.40 57 51.2 13.2 24.92 11.72 1.46 23.11   52 62 43 0.0186 
7 9 9.53 57.5 51.3 13 24.92 11.92 1.52 24.11 24.11 51 65 46 0.0211 
  9 9.51 57.2 51.3 13 24.92 11.92 1.52 24.11   50.5 65 45 0.0222 






Table B- 12. Summary of flow data for a 2″ diameter PVC Schedule 40 Pipe 25% Lift Rule, 15″ Lift 
 
Qg Qg Qw Qw G/L Qw(g/L=1) Qw(g/L=2) Qwflux Velocity G/L 
cfm scfm lps gpm   gpm gpm gpm/sqft fps   
3 3.19 0.99 15.36 1.55 23.87 11.94 312.87 0.697 1.46 
4 4.24 1.11 18.21 1.74 31.73 15.87 370.85 0.826 1.64 
5 5.25 1.34 21.50 1.83 39.26 19.63 437.95 0.976 1.74 
6 6.35 1.46 22.62 2.10 47.47 23.73 460.76 1.026 1.98 
7 7.35 1.46 23.27 2.36 54.95 27.48 474.06 1.056 2.25 
8 8.42 1.49 23.61 2.67 62.95 31.47 480.84 1.071 2.53 
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Table C- 1. Air lift pump flow data for a 3″ diameter PVC Schedule 30 Pipe 20% Lift Rule, 9″ Lift 
 
Flow Data Collection Sheet - Simplified Design Rules for Low lift Airlift Pumps 
Data Collected by: Pavani Date of Experiment: 26-May-05      
Pipe Diameter = 3″ Submergence = 36″ Lift = 9″     
Pitot Head Flow through Weir Disch Inject AdiabaticQg Qg Airlift Pipe Tank Head (H = h2-h1) Qw Qw 
Line     
Temp Press Press Power S.No. 
(cfm) scfm cm cm h2 (cm) h1(cm) h (cm) lps gpm gpm (deg C) (in) (in) Kw 
1 3 3.04 37.7 37.5 14.7 24.92 10.22 1.04 16.41 16.14 42 47 20 0.0095 
 3 3.04 37.7 37.5 14.8 24.92 10.12 1.01 16.01  42 47 20 0.0095 
 3 3.04 37.7 37.5 14.8 24.92 10.12 1.01 16.01  42 47 20 0.0095 
2 4 4.06 38 37.6 13.5 24.92 11.42 1.37 21.66 21.82 42 47 21 0.0122 
 4 4.06 38 37.6 13.5 24.92 11.42 1.37 21.66  42 47 21 0.0122 
 4 4.06 38 37.6 13.4 24.92 11.52 1.40 22.13  42 47 21 0.0122 
3 5 5.07 36.7 35.9 12.4 24.92 12.52 1.72 27.26 27.08 44 46 22 0.0141 
 5 5.07 36.7 35.9 12.5 24.92 12.42 1.69 26.71  44 46 22 0.0141 
 5 5.07 36.7 35.9 12.4 24.92 12.52 1.72 27.26  44 46 22 0.0141 
4 6 6.09 36 34.9 11.3 24.92 13.62 2.12 33.64 34.06 45 45 23 0.0156 
 6 6.09 36 34.9 11.2 24.92 13.72 2.16 34.26  45 45 23 0.0156 
 6 6.09 36 34.9 11.2 24.92 13.72 2.16 34.26  45 45 23 0.0156 
5 7 7.14 35.9 34 10.9 24.92 14.02 2.28 36.17 36.17 46 45 26 0.0158 
 7 7.14 35.9 34 10.9 24.92 14.02 2.28 36.17  46 45 26 0.0158 
 7 7.14 35.9 34 10.9 24.92 14.02 2.28 36.17  46 45 26 0.0158 
6 8 8.21 35.4 33.6 10.2 24.92 14.72 2.58 40.85 41.08 47.5 57 30 0.0257 
 8 8.21 35.4 33.6 10.2 24.92 14.72 2.58 40.85  47.5 57 30 0.0257 
 8 8.21 35.4 33.6 10.1 24.92 14.82 2.62 41.55  47.5 57 30 0.0257 
7 9 9.27 35.7 33.6 10.1 24.92 14.82 2.62 41.55 42.02 48 56.5 31.5 0.0269 
 9 9.27 35.7 33.6 10.0 24.92 14.92 2.67 42.25  48 56.5 31.5 0.0269 
 9 9.27 35.7 33.6 10.0 24.92 14.92 2.67 42.25  48 56.5 31.5 0.0269 
8 10 10.35 35.2 32.8 9.6 24.92 15.32 2.85 45.14 45.14 50 55 35 0.0241 
 10 10.35 35.2 32.8 9.6 24.92 15.32 2.85 45.14  50 55 35 0.0241 
 10 10.35 35.2 32.8 9.6 24.92 15.32 2.85 45.14  50 55 35 0.0241 
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Table C- 2. Air lift pump flow data for a 3″ diameter PVC Schedule 30 Pipe 20% Lift Rule, 9″ Lift 
 
Qg Qg Qw Qw G/L Qw(g/L=1) Qw(g/L=2) Qwflux Velocity G/L 
cfm scfm lps gpm  gpm gpm gpm/sqft fps  
3 3.04 1.04 16.14 1.41 22.708 11.35 328.82 0.732 1.39 
4 4.06 1.37 21.82 1.39 30.349 15.17 444.39 0.990 1.37 
5 5.07 1.72 27.08 1.40 37.904 18.95 551.50 1.229 1.38 
6 6.09 2.12 34.06 1.34 45.52 22.76 693.70 1.545 1.32 
7 7.14 2.28 36.17 1.48 53.394 26.70 736.70 1.641 1.45 
8 8.21 2.28 41.08 1.50 61.442 30.72 836.86 1.864 1.46 
9 9.27 2.28 42.02 1.65 69.306 34.65 855.90 1.907 1.60 
10 10.35 2.58 45.14 1.71 77.382 38.69 919.53 2.048 1.66 
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Table C- 3. Air lift pump flow data for a 3″ diameter PVC Schedule 30 Pipe 25% Lift Rule, 9″ Lift 
 
Flow Data Collection Sheet - Simplified Design Rules for Low lift Airlift Pumps 
Data Collected by: Pavani Date of Experiment: 26-May-05     
Pipe Diameter = 3″ Submergence = 27″ Lift = 9″     
Pitot Head Flow through Weir Disch Inject AdiabaticQg Qg Airlift Pipe Tank Head (H = h2-h1) Qw Qw 
Line     
Temp Press Press Power S.No. 
(cfm) scfm cm cm h2 (cm) h1(cm) h (cm) lps gpm gpm (deg C) (in) (in) Kw 
1 3 3.13 41.2 41.1 17.6 24.92 7.32 0.45 7.12 7.46 36.5 58 30 0.0102 
 3 3.13 41.3 41.2 17.4 24.92 7.52 0.48 7.62  36.5 58 30 0.0102 
 3 3.13 41.3 41.2 17.4 24.92 7.52 0.48 7.62  36.5 58 30 0.0102 
2 4 4.16 38.6 38.4 15.4 24.92 9.52 0.87 13.74 13.86 36.5 40 28 0.0059 
 4 4.16 38.6 38.3 15.4 24.92 9.52 0.87 13.74  36.5 40 28 0.0059 
 4 4.16 38.6 38.3 15.3 24.92 9.62 0.89 14.11  36.5 40 28 0.0059 
3 5 5.19 37.5 37.4 14.4 24.92 10.52 1.11 17.64 17.78 42 56 31 0.0151 
 5 5.19 37.6 37.3 14.3 24.92 10.62 1.14 18.06  42 56 31 0.0151 
 5 5.19 37.6 37.3 14.4 24.92 10.52 1.11 17.64  42 56 31 0.0151 
4 6 6.22 36.9 36.5 13.5 24.92 11.42 1.37 21.66 21.50 44 55 32 0.0166 
 6 6.22 36.9 36.5 13.6 24.92 11.32 1.34 21.19  44 55 32 0.0166 
 6 6.22 36.9 36.5 13.5 24.92 11.42 1.37 21.66  44 55 32 0.0166 
5 7 7.25 36.8 36.3 12.9 24.92 12.02 1.55 24.62 24.62 45 55 32 0.0194 
 7 7.25 36.8 36.3 12.9 24.92 12.02 1.55 24.62  45 55 32 0.0194 
 7 7.25 36.8 36.3 12.9 24.92 12.02 1.55 24.62  45 55 32 0.0194 
6 8 8.30 36.3 35.6 12.4 24.92 12.52 1.72 27.26 27.44 47 54 34 0.0193 
 8 8.30 36.3 35.5 12.3 24.92 12.62 1.75 27.80  47 54 34 0.0193 
 8 8.30 36.3 35.5 12.4 24.92 12.52 1.72 27.26  47 54 34 0.0193 
7 9 9.36 36.3 35.3 11.9 24.92 13.02 1.90 30.06 30.45 48 54 36 0.0197 
 9 9.36 36.2 35.3 11.8 24.92 13.12 1.93 30.64  48 54 36 0.0197 
 9 9.36 36.2 35.3 11.8 24.92 13.12 1.93 30.64  48 54 36 0.0197 
8 10 10.45 36.4 35.3 11.8 24.92 13.12 1.93 30.64 30.64 48 58 38.0 0.0243 
 10 10.45 36.5 35.3 11.8 24.92 13.12 1.93 30.64  48 58 38.0 0.0243 
 10 10.45 36.5 35.3 11.8 24.92 13.12 1.93 30.64  48 58 38.0 0.0243 
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Table C- 4. Air lift pump flow data for a 3″ diameter PVC Schedule 30 Pipe 25% Lift Rule, 9″ Lift 
 
Qg Qg Qw Qw G/L Qw(g/L=1) Qw(g/L=2) Qwflux Velocity G/L 
cfm scfm lps gpm  gpm gpm gpm/sqft fps  
3 3.13 0.45 7.46 3.15 23.447 11.72 151.85 0.338 3.01 
4 4.16 0.87 13.86 2.24 31.119 15.56 282.38 0.629 2.16 
5 5.19 1.11 17.78 2.18 38.824 19.41 362.17 0.807 2.10 
6 6.22 1.37 21.50 2.16 46.548 23.27 437.95 0.976 2.09 
7 7.25 1.55 24.62 2.20 54.22 27.11 501.40 1.117 2.13 
8 8.30 1.55 27.44 2.26 62.054 31.03 558.89 1.245 2.18 
9 9.36 1.55 30.45 2.30 70.019 35.01 620.16 1.381 2.21 
10 10.45 1.72 30.64 2.55 78.151 39.08 624.10 1.390 2.44 
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Table C- 5. Air lift pump flow data for a 3″ diameter PVC Schedule 30 Pipe 20% Lift Rule, 12″ Lift 
 
Flow Data Collection Sheet - Simplified Design Rules for Low lift Airlift Pumps 
Data Collected by: Pavani Date of Experiment: 26-May-05     
Pipe Diameter = 3″ Submergence = 48″ Lift =12″     
Pitot Head Flow through Wier Disch Inject AdiabaticQg Qg 
Airlift Pipe Tank Head (H = h2-h1) Qw 
Qw Line       Temp
Press Press Power S.No. 
(cfm) scfm cm cm h2 (cm) h1(cm) h (cm) lps gpm gpm (deg C) (in) (in) Kw 
1 3 3.21 - 44.5 14.5 24.92 10.42 1.09 17.22 17.22 39 51 42 0.0034 
2 4 4.29 - 46.8 12.2 24.92 12.72 1.79 28.36 28.36 40 58 44 0.0070 
3 5 5.36 42.5 41.3 11.3 24.92 13.62 2.12 33.64 33.64 42 56 45 0.0069 
4 6 6.49 42.4 40.4 10 24.92 14.92 2.67 42.25 42.25 40 60 48 0.0091 
5 7 7.55 42.2 39.7 9.4 24.92 15.52 2.94 46.63 46.63 42 62 48 0.0124 
6 8 8.57 42.2 39.2 9 24.92 15.92 3.13 49.69 49.69 48 65 49 0.0160 
7 9 9.60 42.2 39.1 8.6 24.92 16.32 3.34 52.87 52.87 52 68 50 0.0202 
 
Table C- 6. Air lift pump flow data for a 3″ diameter PVC Schedule 30 Pipe 20% Lift Rule, 12″ Lift 
 
Qg Qg Qw Qw G/L Qw(g/L=1) Qw(g/L=2) Qwflux Velocity G/L 
cfm scfm lps gpm   gpm gpm gpm/sqft fps   
3 3.21 1.09 17.22 1.39 23.995 12.00 350.82 0.781 1.30 
4 4.29 1.79 28.36 1.13 32.085 16.04 577.62 1.287 1.06 
5 5.36 2.12 33.64 1.19 40.068 20.03 685.27 1.526 1.11 
6 6.49 2.67 42.25 1.15 48.555 24.28 860.68 1.917 1.06 
7 7.55 2.94 46.63 1.21 56.468 28.23 949.84 2.116 1.12 
8 8.57 3.13 49.69 1.29 64.069 32.03 1012.23 2.255 1.20 




Table C- 7. Air lift pump flow data for a 3″ diameter PVC Schedule 30 Pipe 25% Lift Rule, 12″ Lift 
 
Flow Data Collection Sheet - Simplified Design Rules for Low lift Airlift Pumps 
Data Collected by: Pavani Date of Experiment: 26-May-05      
Pipe Diameter = 3″ Submergence =36″ Lift =12″      
Pitot Head Flow through Wier Disch Inject AdiabaticQg Qg 
Airlift Pipe Tank Head (H = h2-h1) Qw 
Qw Line       Temp Press Press Power S.No. 
(cfm) scfm cm cm h2 (cm) h1(cm) h (cm) lps gpm gpm (deg C) (in) (in) Kw 
1 3 3.12 46.3 46.2 16.2 24.92 8.72 0.70 11.03 11.03 40 55 30 0.0090 
2 4 4.16 44.5 44.3 14.0 24.92 10.92 1.22 19.36 19.36 43 55 32 0.0111 
3 5 5.19 43.9 43.4 13.1 24.92 11.82 1.49 23.60 23.60 44 52 32 0.0121 
4 6 6.23 43.3 42.4 12.1 24.92 12.82 1.82 28.92 28.92 45 51 33 0.0131 
5 7 7.29 42.9 41.7 11.4 24.92 13.52 2.08 33.03 33.03 45.5 50 35 0.0128 
6 8 8.36 42.6 41.3 11.0 24.92 13.92 2.24 35.53 35.53 45 56 36 0.0195 
7 9 9.41 42.8 41.3 10.7 24.92 14.22 2.36 37.47 37.47 47.5 56 38 0.0198 
8 10 10.47 42.6 40.8 10.4 24.92 14.52 2.49 39.48 39.48 50 61 40 0.0256 
 
Table C- 8. Air lift pump flow data for a 3″ diameter PVC Schedule 30 Pipe 25% Lift Rule, 12″ Lift 
 
Qg Qg Qw Qw G/L Qw(g/L=1) Qw(g/L=2) Qwflux Velocity G/L 
cfm scfm lps gpm  gpm gpm gpm/sqft fps  
3 3.12 0.70 11.03 2.11 23.315 11.66 224.76 0.501 2.03 
4 4.16 1.22 19.36 1.61 31.081 15.54 394.44 0.879 1.55 
5 5.19 1.49 23.60 1.64 38.79 19.39 480.80 1.071 1.58 
6 6.23 1.82 28.92 1.61 46.581 23.29 589.03 1.312 1.55 
7 7.29 2.08 33.03 1.65 54.549 27.27 672.76 1.499 1.59 
8 8.36 2.24 35.53 1.76 62.532 31.27 723.63 1.612 1.68 
9 9.41 2.36 37.47 1.88 70.39 35.20 763.26 1.700 1.80 
10 10.47 2.49 39.48 1.98 78.32 39.16 804.15 1.791 1.89 
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Table C- 9. Air lift pump flow data for a 3″ diameter PVC Schedule 30 Pipe 33% Lift Rule, 12″ Lift 
 
Flow Data Collection Sheet - Simplified Design Rules for Low lift Airlift Pumps 
Data Collected by: Pavani Date of Experiment:26-May-05     
Pipe Diameter = 3″ Submergence = 36″ Lift = 12″     
Pitot Head Flow through Wier Disch Inject AdiabaticQg Qg 
Airlift Pipe Tank Head (H = h2-h1) Qw 
Qw Line       Temp Press Press Power S.No. 
(cfm) scfm cm cm h2 (cm) h1(cm) h (cm) lps gpm gpm (deg C) (in) (in) Kw 
1 4 4.04 47.5 47.5 17.0 24.92 7.92 0.55 8.67 8.67 44 52 20 0.0149 
2 5 5.06 46.8 46.8 16.4 24.92 8.52 0.66 10.41 10.41 44 52 21 0.0181 
3 6 6.15 45.7 45.7 15.3 24.92 9.62 0.89 14.11 14.11 45 52 22 0.0213 
4 7 7.16 45.2 45.2 14.5 24.92 10.42 1.09 17.22 17.22 40 44 24 0.0167 
5 8 8.18 44.6 44.3 14.0 24.92 10.92 1.22 19.36 19.36 43 48 25 0.0219 
6 9 9.24 44.4 44.1 13.6 24.92 11.32 1.34 21.19 21.19 44 48 26 0.0236 
7 10 10.31 44.2 43.7 13.3 24.92 11.62 1.43 22.62 22.62 46 52 29 0.0275 
8 11 11.40 44 43.4 13.0 24.92 11.92 1.52 24.11 24.11 48 60 32 0.0369 
 
Table C- 10. Air lift pump flow data for a 3″ diameter PVC Schedule 30 Pipe 33% Lift Rule, 12″ Lift 
 
Qg Qg Qw Qw G/L Qw(g/L=1) Qw(g/L=2) Qwflux Velocity G/L 
cfm scfm lps gpm  gpm gpm gpm/sqft fps  
4 4.04 0.55 8.67 3.49 30.253 15.13 176.70 0.394 3.45 
5 5.06 0.66 10.41 3.63 37.845 18.92 212.09 0.472 3.59 
6 6.15 0.89 14.11 3.26 45.989 22.99 287.32 0.640 3.18 
7 7.16 1.09 17.22 3.11 53.522 26.76 350.82 0.781 3.04 
8 8.18 1.22 19.36 3.16 61.214 30.61 394.44 0.879 3.09 
9 9.24 1.34 21.19 3.26 69.126 34.56 431.56 0.961 3.18 
10 10.31 1.43 22.62 3.41 77.095 38.55 460.72 1.026 3.31 




Table C- 11. Air lift pump flow data for a 3″ diameter PVC Schedule 30 Pipe 20% Lift Rule, 15″ Lift 
 
Flow Data Collection Sheet - Simplified Design Rules for Low lift Airlift Pumps 
Data Collected by: Pavani Date of Experiment: 26-May-05      
Pipe Diameter = 3″ Submergence = 60″ Lift =15″      
Pitot Head Flow through Weir Disch Inject AdiabaticQg Qg 
Airlift Pipe Tank Head (H = h2-h1) Qw 
Qw Line       Temp Press Press Power S.No. 
(cfm) scfm cm cm h2 (cm) h1(cm) h (cm) lps gpm gpm (deg C) (in) (in) Kw 
1 3 3.27 54.4 53.7 14.4 24.92 10.52 1.11 17.64 18.21 34 63 47 0.0061 
 3 3.27 54.3 53.6 14.2 24.92 10.72 1.17 18.49  34 63 47 0.0061 
 3 3.27 54.3 53.4 14.2 24.92 10.72 1.17 18.49  34 63 47 0.0061 
2 4 4.39 51.8 50.8 11.9 24.92 13.02 1.90 30.06 30.06 33 65 49 0.0082 
 4 4.39 52 50.8 11.8 24.92 13.12 1.93 30.64  33 65 49 0.0082 
 4 4.39 51.8 50.6 12 24.92 12.92 1.86 29.49  33 65 49 0.0082 
3 5 5.42 50.4 48.8 10.7 24.92 14.22 2.36 37.47 37.91 42 68 50 0.0114 
 5 5.42 50.4 48.7 10.7 24.92 14.22 2.36 37.47  42 68 50 0.0114 
 5 5.42 50.4 48.7 10.5 24.92 14.42 2.45 38.80  42 68 50 0.0114 
4 6 6.51 50.1 48.1 9.9 24.92 15.02 2.71 42.97 43.44 44 69 52 0.0129 
 6 6.51 50.2 48.1 9.8 24.92 15.12 2.76 43.68  44 69 52 0.0129 
 6 6.51 50.2 48 9.8 24.92 15.12 2.76 43.68  44 69 52 0.0129 
5 7 7.56 50.1 47.6 9.3 24.92 15.62 2.99 47.39 47.89 47 70 52 0.0159 
 7 7.56 50.4 47.5 9.2 24.92 15.72 3.04 48.15  47 70 52 0.0159 




Table C- 12. Air lift pump flow data for a 3″ diameter PVC Schedule 30 Pipe 20% Lift Rule, 15″ Lift 
 
Qg Qg Qw Qw G/L Qw(g/L=1) Qw(g/L=2) Qwflux Velocity G/L 
cfm scfm Lps gpm cfm gpm gpm gpm/sqft fps scfm 
3 3.27 1.11 18.21 1.34 24.46 12.23 370.85 0.826 1.23 
4 4.39 1.90 30.06 1.09 32.81 16.41 612.32 1.364 1.00 
5 5.42 2.36 37.91 1.07 40.512 20.26 772.30 1.720 0.99 
6 6.51 2.71 43.44 1.12 48.673 24.34 884.94 1.971 1.03 


























Table C- 13. Air lift pump flow data for a 3″ diameter PVC Schedule 30 Pipe 25% Lift Rule, 15″ Lift 
 
Flow Data Collection Sheet - Simplified Design Rules for Low lift Airlift Pumps 
Data Collected by: Pavani Date of Experiment: 26-May-05      
Pipe Diameter = 3″ Submergence = 45″ Lift = 15″     
Pitot Head Flow through Wier Disch Inject AdiabaticQg Qg 
Airlift Pipe Tank Head (H = h2-h1) Qw 
Qw Line      Temp Press Press Power S.No. 
(cfm) scfm cm cm h2 (cm) h1(cm) h (cm) lps gpm gpm (deg C) (in) (in) Kw 
1 3 3.20 55.1 55.3 16.7 24.92 8.22 0.60 9.52 9.71 35 58 38 0.0075 
 3 3.20 55 55.3 16.6 24.92 8.32 0.62 9.81  35 58 38 0.0075 
 3 3.20 55 55.2 16.6 24.92 8.32 0.62 9.81  35 58 38 0.0075 
2 4 4.27 53 52.8 14.3 24.92 10.62 1.14 18.06 18.64 34 60 38 0.0109 
 4 4.27 52.8 52.6 14.1 24.92 10.82 1.19 18.92  34 60 38 0.0109 
 4 4.27 52.8 52.6 14.1 24.92 10.82 1.19 18.92  34 60 38 0.0109 
3 5 5.34 51.5 50.9 12.8 24.92 12.12 1.59 25.13 25.30 37 58 40 0.0112 
 5 5.34 51.4 50.8 12.8 24.92 12.12 1.59 25.13  37 58 40 0.0112 
 5 5.34 51.4 50.8 12.7 24.92 12.22 1.62 25.65  37 58 40 0.0112 
4 6 6.37 51 49.9 11.8 24.92 13.12 1.93 30.64 31.03 42 58 41 0.0126 
 6 6.37 51 49.9 11.7 24.92 13.22 1.97 31.23  42 58 41 0.0126 
 6 6.37 50.9 49.9 11.7 24.92 13.22 1.97 31.23  42 58 41 0.0126 
5 7 7.50 50.5 49.1 11.1 24.92 13.82 2.20 34.89 34.47 36 56 41 0.0132 
 7 7.50 50.4 49 11.2 24.92 13.72 2.16 34.26  36 56 41 0.0132 
 7 7.50 50.5 49.1 11.2 24.92 13.72 2.16 34.26  36 56 41 0.0132 
6 8 8.58 50.9 49.1 10.8 24.92 14.12 2.32 36.82 37.25 37 64 42 0.0220 
 8 8.58 50.9 49.1 10.7 24.92 14.22 2.36 37.47  37 64 42 0.0220 
 8 8.58 51 49.1 10.7 24.92 14.22 2.36 37.47  37 64 42 0.0220 
7 9 9.61 50.8 48.8 10.3 24.92 14.62 2.53 40.16 40.16 43 64 44 0.0224 
 9 9.61 50.7 48.8 10.3 24.92 14.62 2.53 40.16  43 64 44 0.0224 
 9 9.61 50.8 48.8 10.3 24.92 14.62 2.53 40.16  43 64 44 0.0224 
8 10 10.63 50.4 48.0 9.8 24.92 15.12 2.76 43.68 43.68 44 64 43 0.0260 
 10 10.63 50.5 48.1 9.8 24.92 15.12 2.76 43.68  44 64 43 0.0260 




Table C- 14. Air lift pump flow data for a 3″ diameter PVC Schedule 30 Pipe 25% Lift Rule, 15″ Lift 
 
Qg Qg Qw Qw G/L Qw(g/L=1) Qw(g/L=2) Qwflux Velocity G/L 
cfm scfm lps gpm  gpm gpm gpm/sqft fps  
3 3.20 0.60 9.71 2.46 23.935 11.97 197.88 0.441 2.31 
4 4.27 1.14 18.64 1.72 31.965 15.98 379.61 0.846 1.61 
5 5.34 1.59 25.30 1.58 39.942 19.97 515.43 1.148 1.48 
6 6.37 1.93 31.03 1.54 47.655 23.83 632.08 1.408 1.45 
7 7.50 2.20 34.47 1.63 56.134 28.07 702.18 1.564 1.52 
8 8.58 2.16 37.25 1.72 64.193 32.10 758.81 1.690 1.61 
9 9.61 2.16 40.16 1.79 71.848 35.92 818.07 1.822 1.68 


























DYNAMIC HEAD LOSS CALCULATIONS  
 
Head loss in the pipes due to pressured flow is calculated using Hazen Williams Formula. 
This equation gives the pressure loss in feet per 100 feet of pipe.  
 
inchesin diameter  inside Piped
minuteper  gallonsin  Rate Flow VolumetricQ
pipe plasticfor thermo 150
Factor Flow Williams-HazenC


















The velocity of water in the pipe is given by 
 
inchesin diameter  inside Piped
minuteper  gallonsin  Rate Flow VolumetricQ













This expression was used to calculate the head loss at the end of each tray in the 
distribution pipe. The cumulative head loss at each airlift is deducted from the 





















CRITERIA FOR SELECTION OF A TAPERED FOR 5, 10, 15 AND 20 TRAYS 
 
 78
Table D-1. Tapered Pipe Details for a set of 5 Trays,  
Longitudinal Alignment 
 
5 Trays 4″, 3 ″ Pipe 
Pipe Diameter = 4 inch Taper Pipe Diameter = 3 inch 
Static Submergence = 48 inch Static Lift = 12 inch 












1 75 14.67 0.34 0.60 1.88 47.40 21.01 
2 60 14.67 0.23 0.40 1.50 47.00 21.67 
3 45 14.67 0.13 0.23 1.13 46.76 22.07 
4 30 16.00 0.26 0.49 1.34 46.27 22.88 
5 15 13.00 0.07 0.11 0.67 46.16 23.07 
 
Table D-2. Tapered Pipe Details for a set of 10 Trays, 
 Longitudinal Alignment 
 
10 Trays 6″, 4 ″, 3″ Pipe 
Pipe Diameter = 6 ″ Taper Pipe Diameter = 4 ″ and 3 ″ 
Static Submergence = 48 ″ Static Lift = 12 ″ 


















1 150 18.00 0.17 0.37 1.67 47.63 20.62 
2 135 18.00 0.14 0.31 1.50 47.32 21.13 
3 120 18.00 0.11 0.25 1.34 47.07 21.54 
4 105 18.00 0.09 0.19 1.17 46.88 21.86 
5 90 18.00 0.07 0.14 1.00 46.74 22.10 
6 75 18.67 0.34 0.77 1.88 45.97 23.39 
7 60 14.67 0.23 0.40 1.50 45.57 24.05 
8 45 14.67 0.13 0.23 1.13 45.33 24.44 
9 30 16.00 0.26 0.49 1.34 44.84 25.26 




Table D-3. Tapered Pipe Details for a set of 15 Trays, 
 Longitudinal Alignment 
15 Trays 8 ″ Pipe 
Pipe Diameter 8 inch Taper Pipe Diameter 
Static Submergence = 48 inch 6 inch 4 inch 




Length  HL (Hazen Williams) 
DynamicSubmergen
ce (inch) 







1 225 21.33 0.09 0.23 1.41 47.77 20.38 
2 210 21.33 0.08 0.20 1.32 47.57 20.72 
3 195 21.33 0.07 0.18 1.22 47.39 21.02 
4 180 21.33 0.06 0.15 1.13 47.24 21.27 
5 165 21.33 0.05 0.13 1.03 47.11 21.49 
6 150 21.33 0.04 0.11 0.94 47.00 21.67 
7 135 21.33 0.03 0.09 0.85 46.91 21.82 
8 120 24.00 0.11 0.33 1.34 46.58 22.37 
9 105 18.00 0.09 0.19 1.17 46.39 22.69 
10 90 18.00 0.07 0.14 1.00 46.24 22.93 
11 75 18.00 0.05 0.10 0.84 46.14 23.10 
12 60 18.67 0.23 0.51 1.50 45.63 23.95 
13 45 14.67 0.13 0.23 1.13 45.40 24.34 
14 30 16.00 0.26 0.49 1.34 44.91 25.16 




Table D-4. Tapered Pipe Details for a set of 20 Trays, Longitudinal Alignment 
 
20 Trays 8 ″ Pipe 
Pipe Diameter 10 inch Taper Pipe Diameter 
Static 
Submergence 48 inch 8 inch 6 inch 




Length of the 
Pipe 
HL (Hazen Williams) DynamicSubmergence (inch) 









1 300 24.67 0.05 0.15 1.20 47.85 20.26 
2 285 24.67 0.05 0.14 1.14 47.71 20.49 
3 270 24.67 0.04 0.13 1.08 47.58 20.70 
4 255 24.67 0.04 0.11 1.02 47.47 20.89 
5 240 24.67 0.03 0.10 0.96 47.37 21.06 
6 225 29.33 0.09 0.32 1.41 47.05 21.59 
7 210 21.33 0.08 0.20 1.32 46.85 21.92 
8 195 21.33 0.07 0.18 1.22 46.67 22.22 
9 180 21.33 0.06 0.15 1.13 46.52 22.47 
10 165 21.33 0.05 0.13 1.03 46.39 22.69 
11 150 21.33 0.04 0.11 0.94 46.28 22.87 
12 135 24 0.14 0.41 1.50 45.87 23.55 
13 120 18 0.03 0.06 1.34 45.81 23.65 
14 105 18 0.02 0.05 1.17 45.76 23.73 
15 90 18 0.02 0.04 1.00 45.72 23.79 
16 75 18 0.01 0.03 0.84 45.70 23.83 
17 60 18 0.01 0.02 0.67 45.68 23.86 
18 45 18 0.00 0.01 0.50 45.67 23.88 
19 30 16 0.26 0.49 1.34 45.18 24.70 




Table D-5. Tapered Pipe Details for a set of 5 Trays, Horizontal Alignment 
5 Trays 4 ″ Pipe  
Pipe Diameter = 4 inch Taper Pipe Diameter 3 inch 
Static Submergence = 48 inch Static Lift =12inch 












Formula Lift % 
1 75 13.67 0.34 0.56 1.88 47.44 20.94 
2 60 13.67 0.23 0.37 1.50 47.06 21.56 
3 45 13.67 0.13 0.22 1.13 46.85 21.92 
4 30 11.00 0.26 0.34 1.34 46.51 22.49 




Table D-6. Tapered Pipe Details for a set of 10 Trays, Horizontal Alignment 
 
10 Trays 8 ″ Pipe 
Taper Pipe Diameter at 
Pipe Diameter = 6 inch 
4 inch 2 inch 
Static Submergence = 48 inch Static Lift = 12 inch 












mula Lift % 
1 150 13.00 0.17 0.27 1.67 47.73 20.45 
2 135 13.00 0.14 0.22 1.50 47.51 20.82 
3 120 13.00 0.11 0.18 3.01 47.33 21.11 
4 105 13.67 0.64 1.05 2.63 46.28 22.86 
5 90 9.67 0.48 0.56 2.25 45.72 23.79 
6 75 9.67 0.34 0.40 1.88 45.32 24.46 
7 60 9.67 0.23 0.26 1.50 45.06 24.90 
8 45 9.67 0.02 0.02 1.13 45.04 24.93 
9 30 8.33 0.01 0.01 3.01 45.03 24.95 




Table D-7. Tapered Pipe Details for a set of 15 Trays, Horizontal Alignment 
 
15 Trays 8 ″ Pipe 
Pipe Diameter = 8 inch Taper Pipe Diameter 6″ 4″ 3″ 
Static Submergence = 48 inch Static Lift = 12 inch 













Formula Lift % 
1 225 16.33 0.09 0.18 1.41 47.82 20.29 
2 210 16.33 0.08 0.16 1.32 47.67 20.55 
3 195 16.33 0.07 0.14 1.22 47.53 20.78 
4 180 16.33 0.06 0.12 1.13 47.42 20.97 
5 165 16.33 0.05 0.10 1.03 47.32 21.14 
6 150 19.00 0.17 0.39 1.67 46.92 21.80 
7 135 13.00 0.14 0.22 1.50 46.70 22.16 
8 120 13.00 0.11 0.18 1.34 46.52 22.46 
9 105 13.00 0.09 0.14 1.17 46.38 22.69 
10 90 13.00 0.07 0.10 1.00 46.28 22.87 
11 75 13.67 0.34 0.56 1.88 45.72 23.80 
12 60 9.67 0.23 0.26 1.50 45.45 24.24 
13 45 9.67 0.13 0.15 1.13 45.30 24.50 
14 30 13.67 0.26 0.42 1.34 44.88 25.20 





Table D-8. Tapered Pipe Details for a set of 20 Trays, Horizontal Alignment 
 
20 Trays8 ″ Pipe 
Pipe Diameter = 8 inch Taper Pipe Diameter 6 4 3 
Static Submergence = 48 inch Static Lift  = 12 inch 









Submergence Lift % 
1 300 16.33 0.15 0.30 1.88 47.70 20.50 
2 285 16.33 0.14 0.27 1.79 47.43 20.96 
3 270 16.33 0.13 0.25 1.69 47.18 21.37 
4 255 16.33 0.11 0.22 1.60 46.96 21.74 
5 240 16.33 0.10 0.20 1.50 46.76 22.07 
6 225 16.33 0.09 0.18 1.41 46.58 22.37 
7 210 16.33 0.08 0.16 1.32 46.42 22.63 
8 195 16.33 0.07 0.14 1.22 46.29 22.85 
9 180 16.33 0.06 0.12 1.13 46.17 23.05 
10 165 16.33 0.05 0.10 1.03 46.07 23.21 
11 150 16.33 0.04 0.08 0.94 45.99 23.35 
12 135 13.67 0.14 0.23 3.38 45.76 23.74 
13 120 9.67 0.11 0.13 3.01 45.62 23.96 
14 105 9.67 0.09 0.10 2.63 45.52 24.13 
15 90 9.67 0.07 0.08 2.25 45.44 24.26 
16 75 9.67 0.05 0.06 1.88 45.39 24.35 
17 60 9.67 0.03 0.04 1.50 45.35 24.42 
18 45 9.67 0.02 0.02 1.13 45.33 24.45 
19 30 16.00 0.26 0.49 1.34 44.84 25.27 
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